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say | TERMS OF REFERENCE 


"The current tremendous growth of Canadian cities 
is producing serious urban transportation problems. 
About three quarters of all Canadians, depend for 
their livelihood directly upon economic activity 
in Canada's urban areas. Since urban transporta- 
tion, const riutes sabouh one siivith*4of the cost of 
all urban economic activity, measures to improve 
the efficiency of urban transportation could be 
very important and beneficial both to the national 
economy sand (to .the .quakity ofjliving of, most 
Canadians. 


"Most assaults upon the urban transportation 
problem have been comparatively narrow and facil- 
ity oriented. Some useful techniques have been 
developed for the planning and design of facili- 
ties. It is suggested, however, that a new thrust 
should be directed to a broad community systems 
evaluation of the influences of urban transpor- 
tation. 


"The objective of this study, therefore, verre 
evaluate the efficiency of Canadian urban trans- 
poration and to identify the ways and means which 
are most likely to be effective in improving the 
efficiency." 


These paragraphs introduce the proposal of July 29, 
1968, which has become the basis of the contract of 
Nov. 6, 1968, between N. D. Lea & Associates Ltd. and 
the Queen in right of Canada represented by the 
Minister of Transport. 


The proposal specifies that the approach will use 
"idealized simplified cities" for simulation of 
Canada's urban development. "Order of magnitude 
estimates" and "judgement and experience" are to be 


es . This estimate was made before the study. One of 
the findings of the study as described in Section 
4.1 is that urban transport costs are even higher 
than anticipated. 
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used to achieve a broad overview of urban transpor- 
tation in Canada resulting in: 


- an estimate of the savings attainable through 
urban transport improvements, 

- a framework for future evaluations, and 

- a preliminary evaluation of Canadian urban 
transport research priorities. 


The Nov. 1968 contract specifies a six month duration 
for the project and gives a modest budget for financ~ 
ing it during’ this*pervod., Ooligsresultiot the Nov. "68 
cOntract was a draft: report proaugedamin July, 1969. 74 
subsequent contract dated June 3, 1970 covered the 
preparation of a series of technical memoranda and a 
final ‘report.../Tnis (document Visiporeparadissin compli- 
ance with the later contract. 


PROJECT OBJECTIVES 
The objectives of the study are: 


a) to evaluate the efficiency of Canadian urban 
transport systems, and 

b) to identify the ways and means to improve 
this efficiency. 


Technical 


The project seeks a technical evaluation and does 

not attempt to solve the many political and admini- 
Sstrative problems associated with urban transportation. 
Some basic characteristics of urban transport suggest 
that administrative problems will persist. For 
instance, urban transport tends to overflow administra- 
tive and jurisdictional boundaries. The omission of 
political and administrative issues from this study 
does not constitute any comment on their importance 

or character, but only defines one limitation of the 
project as a technical study. The participation of 
both C.M.H.C. and’ the Minstry of. Transporc yc, ) circum 
financing and through representation on the steering 
committee, has aided in giving the desired breadth 

of technical vision. 
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en 


Policy Formulation 


The project is intended to provide technical data 
and a technical perspective for policy formulation 
by interested administrative agencies. In many urban 
regions there are four levels of government: munici- 
pal, metropolitan, provincial and national. At each 
level many departments or agencies may be involved 
with urban transport, as listed in Section 5.1, for 
the Federal Government. The report findings will be 
of interest to the private sector who also have a 
very great, but fragmented, interest in urban trans- 
port. It is aimed primarily, however, at providing 
a technical perspective to assist in public policy 
formulation. 


Quality or Level of Living 


Specifically included in the project objectives is 

the obtaining of some measure of the quality or 

level of living. The recent history of urban transpor- 
tation in Canada contains many instances of transport 
decisions being taken contrary to the recommendations 
of technical reports. In some instances, at least, 
this is because of a failure of the technical reports 
to adequately consider the social issues. Consider 

the case of urban freeways. Many technical reports 
have presented strong technical cases for the con- 
struction of freeway projects, but the democratic 
decision process has disregarded many of these re- 
commendations apparently because the technical 
evaluations have failed to adequately consider the 
social implications which the community considers 
important. The study objectives include making a 

start at this important, under-researched subject. 


National View 


The study takes a national view which is in contrast 
with most technical studies in the past that have 
taken a Single project* approach “or, at best; a 
regional approach. In taking a national view one 
must abandon the apparent great precision which has 
been a characteristic of many urban transport studies. 
To study the urban transport needs in a particular 
city, detailed inventories of facilities, origin- 
destination surveys, traffic counts, elaborate com- 
puter traffic forecasting and detailed financial and 
economic analysis of new facilities are appropriate. 
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To achieve a national perspective, however, within 
modest time and cost constraints, such apparent 
precision is impractical. 


It is hoped that taking a national perspective will 
make the results more useful in the formulation of 
new research policies and programmes that may in 

due course achieve nation-wide, long-range efficiency 
improvements. The methods of dealing with national 
aggregates are discussed in Chapter 10. 


Research 


The project is primarily concerned with research pri- 
orities and policies. Implementation policies are 
not expected to emerge directly. Rather, this study 
is intended to provide provocative suggestions for 
further research and pilot projects which eventually 
will result in improved urban transport policies and 
efficiencies. 


Bird's Eye View 


One essential feature of the project is to maintain 

a very broad, bird's-eye view. It is suggested that 
progress on urban transport research can be made by 

Successively taking bird's-eye and worm's-eye views 

of the transport problem. The bird's-eye view pro- 

vides an overview or macro-examination of the total 

transport scene. It identifies those problem areas 

warranting the more detailed study, provided by the 

micro, or worm's-eye, viewpoint. 


Successive iterations in the changes of viewpoint of 
study will lead to an improved understanding of the 
transport problem. On each iteration the improved 
worm's-eye views of parts of the whole will be used 
to improve the bird's-eye view; and the bird's-eye 
view will be used to identify the most important 
locations for improved worm's-eye views. 


The thrust of this project has been to initiate this 
process by first constructing a broad overview of 
Canadian’ urban transport such that the priorities 
and cost effectiveness of urban transport research 
projects may be evaluated in the context of a com- 
plete urban transport picture. 
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It has only been possible to jump to this big view 
by uSing some very broad brush strokes and bold 
assumptions. Many of these assumptions are based 
upon slim evidence and substantial inputs of pro- 
fessional judgement. Some of these assumptions can 
quite properly be challenged. Indeed, further 
progress, of the iterative type described above, 
will most likely be made by the process of challeng- 
ing such assumptions and then doing the necessary 
detailed work to confirm them or show the need for 
change. With the broad perspective acting as a 
frame of reference for Such challenges and debate, 
it is hoped that the project will make a signifi- 
Cant, GOntripution to the oOngoingrtaskvot making 
Canadian cities better for living. 


aS WORK PROGRAMME 


The work programme for the project during both 
phase 1 (contract of November '68) and phase 2 
(contract of June '70) has been executed largely 
"in house" by N. D. Lea & Associates Ltd. During 
phase 1, the Steering Committee provided a useful 
source of ideas and an excellent panel for criti- 
cal review. During phase 2, the interdepartmental 
committee provided some comments principally upon 
the technical memoranda. 


During the first few months of the phase 1 project, 
a small team assimilated the current pertinent lit- 
erature, constructed the logical skeleton of the 
project and established boundaries. The project 
was sub-divided into tasks which followed generally 
the table o£ contents of this report, 


Selection and definition of the analytical method- 
Ology. deseribed, in..Chapters: ;7,8. 9 2l0,4iy.;and 12 

was a major undertaking. During the latter few 
months of phase l the staff was increased to carry 
out the data gathering, processing and report writing. 


Senior technical guidance for phase 1 of this project 
was provided by a Steering Committee consisting of 
senior personnel from both the consultant and the 
client plus the special consultants. The Committee 
met for the first time in Toronto on October 28, 
1968, at which time the study began to take shape 

and direction. A second meeting was held in Toronto 
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on December 2, 1968, at which time the work outline 
for the study was reviewed and revised. A third 
meeting was held in Toronto on January 24, 1969, at 
which time the analysis procedures and approaches 

were reviewed and commented upon. During the data 
gathering and analysis phases, the members of the 
Committee kept in touch with the progress of the study. 
The draft report of July 1969 was reviewed and various 
points discussed in the final meeting in Toronto. 


On October 40;° 1969, senior staff from N. D. Lea & 
Associates Ltd. made a seminar-—type presentation 

of preliminary study findings to a special meeting 
of the Federal Interdepartmental Committee on Urban 
Transportation. 


The first step in phase 2 was the rewriting of the 
findings of the study in the form of a series of 
technical memoranda, each dealing with one category 
of possible action for efficiency improvement. This 
step also involved some more intensive technical 
studies, particularly of aspects such as pricing, 
which had not been dealt with in detail in 

phase 1. As the technical memoranda were prepared 
in draft, they were submitted to the Interdepart- 
mental Committee for review and the informal com- 
ments of this committee were considered before 
finalizing the memoranda. 


The second step in phase 2 was the complete editing 
and revision of the principal report, which is pre- 
sented hereby. Chapters 1 to 14 are edited versions 
of parts of the draft report of July 1969. Chapters 
15 to 24 are an abbreviated edition of the technical 
memoranda. 
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CHAPTER 2 


URBAN CHANGE 


To establish the Canadian urban setting, in which transport 
efficiency improvements are to be considered, this chapter 
describes, in Section 2.1 to 2.4, the four powerful forces 
producing rapid urban change, and then discusses, in Sec- 
tion 2.5, the strain producing impact of these changes upon 
the Canadian society. The following are the sectional 


headings: 

5 Sioa POPULATION GROWTH 

Zee INCREASING URBANIZATION 

PONS INCREASING AFFLUENCE 

2.4 GROWING CITY SIZE AND POPULATION 
202 STRAINS OF CHANGE 


Da Cultural, strain 
2 Housing Effects 
3 Transport Effects 
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ae & POPULATION GROWTH 


As shown in Figure 2f1l, the population of Canada has 
been growing steadily for the past 70 years, at an 
annual compounded growth rate of about 2%. Although 
there have been fluctuations in this growth rate, 

the overall average has been maintained quite consis- 
tently. This trend is expected to continue for the 
forseeable future. 


Advances in medical science have made a significant 
contribution to the population growth in Canada and 

in the world over the last hundred years. Since the 
introduction of oral contraceptives, in about 1960, 
there has been a decline in the birthrate in Canada, 
the United States and other developed parts of the 
world. Immigration remains a significant factor for 
Canada and tnus we have adopted, in this study, a popu- 
lation growth rate of 2% per annum between 1966 and 
2001. This may be compared with the following popula- 
tion growth rates: 


Population Growth Rates 
S$ per annum 


Actual Expected 
IG 5 L375 
INDIA 2.4 me 1 
WORLD a wags pea | 
CANADA die rie) 
WESTERN EUROPE O26 ee) 


SOUrCeeamRet ms CGS), [p.157 


This force of growing population is one of the 
strongest pressures in the world and has been the 
subject of much discuSSion™s, Although it.does not 
constitute a distressing problem for Canada, as it 
does for many other coutries, nevertheless, it is 
one of the major forces creating urban change in 
Canada. ) 
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FIGURE 2f1l 


POPULATION GROWTH IN CANADA 


RURAL AND URBAN DISTRIBUTION 
Source: Table 2tl 


IN MILLIONS 


POPULATION 


1901 1911 1921 193] 1941 195] 1961 1971 


N.D. LEA & ASSOCIATES LTD. 


URBAN CHANGE 2p4 
TABLE 2tl1l 


GROWTH OF THE CANADIAN POPULATION 


WITH RURAL AND URBAN DISTRIBUTION 


Pe ce OL a eee lege lh 1941 ee de OL 1966 


(1) Population in 000's 


Rural 3000 3600 4000 4300 4750 D290 5270 3290 
Urban 2370 3610 4790 6080 6760 8400 12970 14730 
Potad 5370 7210 8790s 20380 BII5SL0Ont13650 18240 20020 


(2) % Growth (decennial) 


Rural - 203 113 713% 10% 9% 2% 0% 
Urban - 523 33% 273% 11% 25% 533 13% 
Total - 34% 22% 183 143 19% 34% 203% 
(3)9 -4. Distribution 

Rural 56% 503% 46% 42% 413% 38% 29% 26% 
Urban 44% 50% 543 583 593% 62% TAs 74% 


Note: DBS 1956 classification used as a basis of urban-rural 
; Gistmidution. 


Source: DBS Ref (29). 
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2e2 INCREASING URBANIZATION 


Figure 2fl1 and Table 2tl show that, for the past 
century the Canadian urban population has been grow- 
ing much more rapidly than the rural population. By 
about 1911, for the first time, urban population 
equalled the rural population. Around 1956, the urban 
population was double the rural population and, by 
1967, the urban population was three times the rural 
population. The population forecasters are unanimous 
in their expectation that this trend will continue. 
At the end of the century, the urban population is 
likely to be five times the rural population. 


This increasing urbanization is part of a world wide 
trend which began with the industrial revolution. 

Prior to 1800, cities over 100,000 persons consis- 
tently contained less than 3% of the total European 
population. * Since about 1800, the urban population 
of the world has steadily increased as a percentage 

of the total. This increased urbanization derives 
directly from technological advancement both on the 
farm and in the factory. The farms have become more 
efficient and the number of people who can be fed by 
one farmer has steadily increased. Similarly, other 
primary industries located in rural areas are steadily 
increasing their efficiency. At the same time, every 
increase in efficiency of rural industry is accompanied 
by an increased demand for the services and goods which 
are supplied primarily from urban areas. 


253 INCREASING AFFLUENCE 


Table 2t2 compares recent rates of growth of the 
Canadian GNP with those in other countries. When 
account is taken of Canada's higher population growth 
rate, it is seen that the growth rate of the Canadian 
per capita real income is about the same as that in 
the U.S., and that per capita income in many of the 
countries in the western world is growing more rapidly 
than in Canada. Also, some of the developing countries 
have ¢tarted to have growth rates comparable to those 
in the developed countries. A continued growth, in 
real per capita income, of about 2% per annum to the 
end of the century is considered a reasonable expecta- 
tion. 


* see references (44), (17), & (83) 
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TABLE 2E2 


THE EXPANSION OF REAL G.N.P. 


CLUSS 045574 195560) 20960-6659) 


Annual Average Percentage Rates of Increase 


DEVELOPED COUNTRIES 1950-55 1955-60 1960-65 
Canada ay 3e3 eS 
United States AIB Bin? Ate 
France ARS 4.6 
Germany (F.R.) See G5 
Italy 6.0 a5 
Japan a eae I ead 
United Kingdom Lied. 258 


DEVELOPING COUNTRIES 


Argentina TS nea 
Brazi. 9 WE nea 
Columbia naa n.a 
Vanezuela nce Tl acy 
Greece Ve Diet 
Spain 19 te 4g 
Turkey Lo es As : 


Source - Ref. (84) Table 4B 
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This rising per capita real income is a result of 
increased productivity due to improved technology and 
the use of more power per worker. The rising 


incomes require and produce more transport. In order 
to achieve increased productivity, goods are moved 
in greater quantity over greater distances. Because 


of the increased income, people choose to travel 
more for social and recreational purposes and many 
choose to live at lower densities in suburbia which 
substantially increases travel. 


Increasing affluence is, therefore, a major force for 
urban change and it has a direct bearing upon urban 
transport. 


2.4 GROWING CITY SIZE AND POPULATION 


City growth is considered to be a force separate 
from urban and population growth because it is 
theoretically possible for the latter two to 
increase without changes in the average size of 
cities. Such a growth pattern would require that 
most population increases be in new cities. This 

is not at all what has been happening as is shown 

in; Tables 2t35 ands 2t4e Prom i900) £6)1.966" the urban 
population of Canada increased from 44% to 74% of the 
total. During this period, Toronto and Montreal 
consistently contained 28% to 32% of the total 
Canadian urban population, while the 21 other cities 
of over 100,000 population in 1966, contained 34% 

to 40% of the urban population. These 23 cities 
have absorbed two thirds of the growth for the 

past 70 years. Indeed, they have in this period 
advanced from holding 62% of the urban population 

ing L9Olato‘nolding 672e2ini L961 rDurmioethe. 20tn 
century there have appeared in Canada about 170 

"new cities", i.e., towns whose populations grew 
past 5,000 inhabitants; but not one of these "new 
cities" reached 100,000 by 1966. The "new cities", 
plus all other cities under 100,000 in 1966 accounted 
for less than one third of Canada's urban population 
growth in this century. 


Large cities are a modern phenomenon. Before the 
scientific and industrial revolutions only a few 
unusual world cities, such as capitals of empires, 
exceeded 100,000 inhabitants. Before 1850 London 

was the only metropolitan area in the world which 
had exceeded one million in population. Between 1850 
and 1900, three U.S. cities and 8 cities in other 
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parts of the world exceeded one million inhabitants. 
By 1960 there were approximately 141 cities in the 
world with a population in excess of one million in- 
cluding two in Canada: Montreal and Toronto. By 
1960 three metropolitan areas exceeded ten million 
people: London, New York and Tokyo. * | 


This rapid growth of modern cities is directly re- 
lated to the industrial and scientific revolutions. 
The engineering and scientific developments of the 
last 100 years have made the modern, large, low-density 
city possible. In particular, modern sanitary and 
transportation engineering developments are essential 
to support very large low-density cities with affluent 
living standards. As the technological advance con- 
tinues, there is a very strong tendency for big modern 
cities to continue growing, both in population and in 
area. There is no indication of a slackening in this 
trend, even for metropolitan regions containing 10 to 
15 million people. No Canadian city will reach this 
size before the mid-twenty-first century. Our big 
cities continue to expand in spite of the fact that 
Many people consider very large cities unattractive 
and uneconomic. 


The reasons for the continued growth of cities are 

not fully understood, but they certainly include the 
advance of human knowledge with the resulting special- 
ization. Various investigations of the growth of 
scientific knowledge indicate a growth rate of about 

5% per year compounded annually **. Using a techno- 
logical index that considers power consumption, steel 
production, etc., Fisher calculates about a 4% growth 
rate for U.S. ***, A 5% annual growth rate is a doubl- 
ing every 15 years. This rapid growth in knowledge, 
combined with the approximately constant capacity of the 
individual human brain, forces ever increasing special- 
ization. This specialization, in turn, requires the 
geographic concentration of people in order to achieve 
population and employment pools of adequate size in each 
specialization. Both the employer and the employee pro- 
fit from specialized labour pools of adequate size. The 
larger cities also give a greater variety of opportuni- 
ties for education, recreation and culture, as well as 
for employment. They also permit manufacturers to build 
large plants with a substantial part of their market on 
short distribution lines, requiring no inter-city 
transport. 


* see Ref. 12 
*k see Ref. 13 
*kk see Ref. 45 
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TABLE 2t3 


GROWTH OF SELECTED CANADIAN CITIES 
(The following are all the cities and 


metropolitan areas in Canada with more 
than 100,000 people in 1966) 


1901 | 1911] 1921] 1931 | 1941 | 1951| 1961 L966. 


l | 
Population over 1,000,000 in 1966 (in 000's) 
613 TOLAMUO TOL ZOekAah2s 7; 2111. )2437 


Montreal 
Toronto 


Subtotal 


ce frre fem | errerers | ere ff ee 


+ O ota 
CadniiaPop. 13 15 16 19 19 20 Pag Zo 
$ Of UrbanPop? 28 29 | 30 | 32 32 aa 30° 3L 


Population between 100,000 and 999,999 in 1966 (in 000's) 


St. Jonns Ntad..cd 31 41 43 5a. 69 92 101 
Halifax ome 58 75 79 99 134 184 198 
Sydney-GiBay BS 50 62 ' 68 81 100 109 106 
St.John NB. 46 49 Lat 56 63 78 96 POW 
Chicoutimi- 

Jonquire 4 S) 16 29 43 76 105 LO9 
Quebec City 96 nr el Los 186 214 276 358 413 
London 52 61 74 87 97 129 181 207 
Kit.-Waterloo; 38 46 59 0 ee 83 may: 255 192 
Hamilton 83 ae BY 160 197 225 280 395 449 
Ottawa 94 L223 160 190 228 292 430 495 
Oshawa 7 10 16 28 32 50a! 81 100 
Sudbury 4 10 16 28 45 74 adel LE 
St.Catharines| 14 20 22 41 48 67 96 109 
Windsor b ocd gh 24 52 87 119 164 193 212 
Winnipeg 48 L5 7 229 295 302 357 477 509 
Regina 2 30 35 54 59 ai ph By. a Pr 
Saskatoon ik 12 26 43 43 53 96 Li.6 
Calgary 6 5L wae. 95 100 142 279 se 
Edmonton 10 41 a 95 LEZ). LB 338 401 
Victoria 40 oH 64 70 86 es 154 Las 


Vancouver 
Subtotal 


* Of "lore: 
Cdn, {;Pop, 


% of Tota . 
Urban Pop. 


N. D. LEA & ASSOCIATES LTD. 
URBAN CHANGE 2p10 


TABLE 2t4 


GROWTH OF CANADIAN CITIES - SUMMARY TABLE 


Category LSD 1 1911} 1921 BIS ie tI AT LISLE WLOGL 1 L966 
| | 


For 23 Cities with Population over 100,000 in 1966 


Total Pop.000's {1394 a 3110; 4120) 4679| 6053} 8768]10057 


| Average net 
in 000's mea ge A 203 263 381| 435 


Remainder of Gcban Population (Cities and Towns “aban Pop. 
Obs2000—99 ,995)) 


Total Pop.000's 890; 131511680 1960| 2081} 2407} 4208; 4673 


% of Total Dy 
16 18 19 19 a 8) 23 24 | 


Gdn Pop, 
51D Tein mel oat OO Ee 


% of Urban Pop. 


PoteUrban Pop wu 
in 000's 3610/4790} 6080! 6760; 8460] 12970j)14730 


SOL LlOvtat 
Cdn. -FOps 54 58 


Rural Pop. 000°) 300003600) 4000} "43001 4750) *5190)5270) 5290 
TOTAL CANADA 
721048790 {10380 {11510} 13650} 18240] 20020 


in 000's 


Source:  D.B.S. Population ref. (41) 
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The dynamic population growth of the larger cities is 
usually accompanied by a decline in residential den- 
Sities.* The combination of rapid population increase 
and declining residential densities, of course, results 
in a very dramatic growth in city area and a rapid 

rate of urbanization of land at the urban-rural fringe. 


STRAIN OF CHANGE 


Our cities are being strained under the great forces 
of change. The strain shows in changing social needs, 
housing needs and transport needs. 


Cultural Strain 


Although our society may give more rewards than a less 
developed and less technologically oriented society, 

it also places greater demands upon the individual. 

Low pressure jobs become more difficult to find. Be- 
cause of the rapidly changing technology, re-training 
becomes necessary for more people during a normal life- 
time. The mobility of our society produces high neigh- 
bourhood population turnover rates. These effects may 
contribute to the increasing crime and suicide rates. 
Our education, welfare, health and recreation systems 
are required to change at a very rapid rate. It, 
thereby, becomes very difficult for social service 
agencies to maintain quality and human interest. 

These cultural strains are not evaluated under this 
project. 


Housing Effects 


With growing population and growing affluence, the 
housing demands increase tremendously. 


Rapid city growth creates a particularly serious 
problem for low income families. These families depend 
upon the stock of older housing for low cost accommoda- 
tion. During periods of rapid growth, there is a 
comparatively smaller proportion of older housing 
available, and this shortage may be accentuated by the 
demolition of older housing to make way for new devel- 
opment. © 


Housing is not a direct concern of this project except 
insofar as it is inter-related with transport. Some 
interrelationship is evident in land prices, which are 
considered in Chapter 20. 


* see ref. (1) (ll city study) and Section 3.26% 
discussions of preferred residential densities. 
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Also, since housing and transport are the two principal 
areas in which government can act to alleviate the 
Strain of change, they may become competitive for funds. 


There is one very significant difference between hous- 
ing and transport. The transport system for any par- 
ticular urban area is unmistakeably and unavoidably 

a "system". All parts, links and modes are vitally 
interconnected in geographic space such that a change 
in one aspect of one link has effects, throughout the 
system, on all other parts, links and modes. A trans- 
port system is something like a power distribution 
system. A change in the network which increases the 
total mileage of line may make the system work either 
better or worse depending upon the designers' under- 
standing of the system. It is important to understand 
the system's effects before attempting to meet need by 
adding to the transport system. By contrast, housing 
has no substantial systems effect in itself. If the 
stock of a particular type of housing is short in an 
urban region, then the shortage may be satisfied 
simply by building more, any place within the region. 
No systems effects need be considered. 


Housing and transport interact through linkages with 
private and government services (schools, stores, etc.). 
These interactions may be evaluated through a good 
transport systems model. For example education serves 
the population which is distributed according to the 
available housing stocks. It is the transport system 
which interconnects the educational and housing 
facidities. A’ transport model can thus. be used to 
optimise the educational arrangements for a particular 
housing arrangement or vice-versa. 


Therefore, if the transport effects are thoroughly under- 
stood and evaluated, the total effect of transport plus 
housing may be evaluated by modest adjustments to the 
transport evaluation system. 
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Transport Effects 


The transport system of an urban area creates the 
accessibility matrix of the area. This matrix has a 
dynamic interrelationship with the spatial distribu- 
tion of all activities within the area. The impact 
of city growth and increased affluence is very great 
upon the transport system. New transport systems 
also affect the character and shape of the urban area. 


The nature of this interrelationship may be expressed 
in terms of the trade-off between living space and 
accessibility. * It may be described by suggesting 
that people prefer to live at a certain desirable 
dormitory density, and that they will adopt any means 
of transportation that makes this density possible, 
provided they can afford the out-of-pocket transport 
cost. This concept is developed further in Chapter 

3 "A Transport Theory of Urban Change". 


One of the transport effects resulting from urban 
growth and affluence is a deficiency of transport 
facilities and of adequate transport planning. The 
potential efficiency improvements identified in this 
study and discussed in Chapters 15 to 23 will, in the 
most part, be achieved by overcoming these deficiencies. 


* see Appendix A 
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A TRANSPORT THEORY OF URBAN CHANGE 


This chapter presents a theory explaining the transport - 
land-use inter-relationship. Such a theory is needed to 
improve the understanding of this relationship as a back- 
ground for this project. It is presented under the following 
sectional headings: 


Sa 


SUMMARY THEORY STATEMENT 


MOST DESIRABLE DENSITY 
THEORETICAL CITIES 
TORONTO - AN EXAMPLE 


NEW YORK CITY + AN EXAMPLE 
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Bie SUMMARY THEORY STATEMENT 


It is postulated that: 


ON THE AVERAGE, AN URBANIZED POPULATION PREFERS TO LIVE 
AT SOME DESIRED DENSITY 'Do'+ AT THE SAME TIME NO ONE 
WISHES TO LIVE MORE THAN 45 MINS. TRAVEL FROM THE C.B.D., 
THBREFORE, THE POPULATION WILL LIVE. AT DENSITY 'Do' 
UNLESS THEY ARE UNABLE TO DO SO BECAUSE: 


- THEY ARE TOO POOR TO BE ABLE TO PAY THE TRAVEL 
COST ASSOCIATED WITH LOW DENSITY LIVING (POVERTY) 


=—- [TsiS NOT PRACTICAL TO ACHIEVE ..BOTH GOALS, (IE. 
DENSITY 'Do' AND 45 MINS.) BECAUSE OF THE TRAVEL 
SERVICE AVAILABLE 


- REGULATIONS (ZONING OR OTHERWISE) REQUIRE DIF- 
PEREN DT DENSITIES (DECREE) ,. OR 


A COMBINATION OF THESE 


Brete MOST DESIRABLE DENSITY 


People only express their individual density prefer- 
ences in a direct way in their selection of housing. 
Herein, population density is defined as the total pop- 
ulation divided by total land area. It is expressed as 
inhabitants per square mile. Even though only between 
25% and 50%* of a city's total land area is in residen- 
tial use, we still work with overall or gross residen- 
tial density, rather than net, because the distinctions 
between various land uses are not sufficiently precise. 
For example, the distinction between residential land and 
public rights-of-way.: large building set-back require- 
ments and a wide street with no set-back requirements 
would be exactly the same in use but would show substan- 
tially different land use statistics. Similarly, the 
sum of neighbourhood recreational land and residential 
land is the more significant as a density consideration. 
Thus, in the absence of further needed research**, over- 
all density, is the most useful at present. Certainly, 
in the N. D. Lea & Associates Ltd. study of 11 Canadian 
cities, it was only by using overall densities that con- 
sistant, meaningful results were obtained in making den- 
sity comparisons between cities. 


This theory only becomes tenable and useful if there is 


some evidence for a most desirable density D,5 which is 
found to be reasonably constant. 


* See reference 37, Corridor Study, and particularly 
Technical Working Paper No. l. 


** Doxiadis in Ekistics p.129 recommends such research (75). 
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Studies of optimum density are rather scarce. There 
have been some studies which indicate that unless 
Single family dwellings occupy lots of at least 0.3 
acres the occupants feel the lots are too small(4). 

If everybody lived in single family dwellings on 0.3 
acre lots, the overall population density, including 
public space and other uses, would be about 3,000 
persons per square mile. Of course, everyone does not 
wish to live in single family dwellings. An average 
preferred density of 5,000 to 6,000 per square mile, is 
reported for the new suburbs of the New York urban area 
(5). Canadian cities seem to be tending toward a den- 
sity of 6,000 to 7,000 per square mile (1&2). This 
information, scarce though it is, does give some indi- 
cation of an optimum land density. All three sources 
are in reasonable agreement. Thus, 6,000 people per 
Square mile might be taken as a reasonable estimate of 
the preferred Canadian density 'D,'. 


Possibly the preferred density varies to some degree 
with time. We have assumed no time dependency, to 
permit a logical analysis of the inter-relationship 
over time between city size, population density and 
transportation. Some rather scant historical evidence’, 
judgement and theoretical simplicity leads us to accept 
this assumption, at least for a trial of the theory. 


THEORETICAL CITIES 


The theory may be applied in an illustrative way by 
using a series of theoretical cities as is done in 
Table 3tl. This table assumes an ideal circular city 
with an average population density of 6,000 people per 
Square mile. Each line on the table describes a trans- 
port system and the largest city which can employ the 
system and have the possibility of travel from the cir- 
cumference of the city to the centre in 45 minutes. 


Thus, for the city #1, which is served only by walking 
and horse-drawn omnibus with an average line speed of 
4 miles per hour, the radius is only 3 miles, which 
gives a total area of 28 square miles and a population 
of 170,000 people. For city #1, the average cost to 
travel from any point in the city to the center is 7%¢ 
and the ‘average time for that trip is 32 minutes. 


See Doxiadis "Man's Movement and his Settlements", 
Ekistics May 1970 p. 296 (85). 


*uoTAZeTOsAdep Hbutpntout 
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Table 3tl1 shows that the size and population of these 
theoretical “cites, ana also the Cost of transport, 
gradually increase with improved modes of transport. 
The largest is City No. 10 with automated ways at a 
line speed of 100 miles per hour (average speed 69 
mph), a radius of 55 miles, an area of 9,000 square 
miles and a population of 55 million people, ail 
living at an average density of 6,000 people per 
Square mile. The average travel time to the center 
is only 36 minutes but the cost of an average trip 
is over $7. 


No suggestion is made that any of the theoretical 
cities shown in Table 3tl have ever been built or 
ever will be built, but consideration of these 
theoretical cities does help in understanding what 
has been happening, and what is happening, to real 


cities. 
324 TORONTO - AN EXAMPLE 


For example, consider the city of Toronto. Toronto 

was a well established compact urban area before the 
era of the motor car. By 1920, which was the heyday 

of the street car, there were over 600,000 people 

in metropolitan Toronto. The core, which now has 

over 20,000 people per square mile, was developed 
during the street car dominant period. The total 

area of the city by the end of this period, in about 
1920, was about 32% square miles (74). Toronto of 

1920 may be compared with theoretical city number 2. 
Because Toronto is approximately a half circle in- 
stead of a whole circle, one would expect that some 
300,000 people would be the maximum that could be 
serviced by street car, at the optimum density of 

6,000 people per square mile. Therefore, in order 

to accomodate 600,000 inhabitants without going beyond 
a travel time of 45 minutes from the center, the 
density had to double to about 12,000 people per square 
mile. In fact, the density was somewhat greater than 
that and Toronto in 1920 was somewhat smaller than 
Suggested by theoretical city #2. The smaller size may 
have been due to the fact that the income of the people 
was not high enough to permit them to travel the dis- 
tances necessary to live at lower densities. 
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With the advent of the motor car, the area around 
Toronto rapidly developed as a low density suburbia. 
Following the retarding effects of the depression and 
the Second World War, this expansion took place with 
explosive force. From 1945 to 1968 Toronto suburbia 
has been expanding rapidly and the growth has been 
through new land development at a uniform low density. 
Therefore, the overall density of the urbanized Toronto 
metro area has been steadily declining. It declined 
from about 12,500 people per square mile in 1941 to 
about 8,200 people per square mile in 1961. By 1966 
the urbanized Toronto region occupied about 220 square 
Miles and contained about 2.1 million people. If this 
is doubled to 4.2 million people for comparison with a 
theoreticaincirculanrcity, 1.éal€3, ok4;765, #6 and #7, 
it will be observed that Toronto has grown beyond the 
size that can be adequately served by automobiles-on- 
grade-streets and subways, but that there is still 
ample room for development which is dependent on 
service by freeways and commuter trains. This explains 
why the new low density suburban developments are all 
auto-oriented and why pressure has developed for some 
new types of transit, such as the GO-transit railway 
commuter line. 


It is interesting to note that the density of the City 
of.Toronto, the..inner.core:»city.,-hassnot.declined, but 
has remained more or less constant over the last twenty 
years (1). The cause appears to be income distribution. 
There remains a large group of people in Toronto who 
live in rather crowded sub-standard inner city housing, 
and who are not able to afford the more expensive low 
density suburban living. 


This theory, although a great over-simplification (it 
ignores, for example, high quality, high density hous- 
ing), nevertheless, gives a reasonable and comprehensive 
understanding of the basic phenomenon. 


Applying the same theory, Montreal, with a per capital 
income of $2,050 in 1965, is seen to suffer from more 
crowding than does Toronto, with a per capita income 
of $2,590 (1) and thus, at present, Montreal has the 
highest density in its downtown core of any city in 


Canada. 
i NEW YORK CITY - AN EXAMPLE 


The New York metropolitan region may also be used as 
an interesting example of the inter-relationship bet- 
ween city size, population density and transportation. 
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In 1860 the urbanized parts of New York contained two 
million people, in an area of about 30 square miles, 
thus resulting in an average density of 65,000 persons 
per square mile*. The area of New York at that time 
and the method of transportation were similar to theo- 
retical <cityoPl pl instable: Sti, ae ineordernito get. alieon 
the people into the restricted area which could be ser- 
viced by transportation, the density was 10 times the 
optimum density. By 1900, the population of the urban- 
ized region, now 140 square miles, had risen to more 
than 5% million, but suburban development and the intro- 
duction of the electric street car in the 1880s and the 
elevated and suburban steam railways permitted the 
overall urbanized density to drop to 40,000 persons per 
Square mile*. The area of Manhattan (approximately 3l 
Square miles) is about as large as can be served by 
street cars without getting travel times much over 45 
minutes. This became an increasingly severe restric- 
tion and thus Manhattan density began to rise again, 
until about 1910, at which time Manhattan was practi- 
cally fully built up with an average density of over 
100,000 persons per square mile and with some parts 
having a density of half a million per square mile (12). 
In the 20 years between 1910 and 1930, as a result of 
smaller families living downtown, and of the subway 
system which permitted people to live off the island, 
the Manhattan density dropped to an average of about 
77,000 persons per square mile. 


Since 1940, development has been repid on the outskirts 
of the New York metro region. Between 1940 and 1954 
each additional million of population was accompanied 
by the urbanization of 185 square miles of land - 5400 
inhabitants per square mile*.. Thus, the result of 
mushrooming motor vehicle travel has been rapid sub- 
urban expansion. The core population and employment 
has been declining slightly and is forecasted to do so 
in the future as shown in Table 3t2: 


* see reference (5) p,273 
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TABLE 3t2 


Population and Employment - New York Metropolitan Region 


New York Central 
County Core 
(Manhattan) Counties 


Population (000s) 


£950 
1960 
1975 (projected) 
1985 (projected) 


Employment (000s) 
L950 2,500 CBD* 


IBS eS 2,140 CBD* 


te essentially 
ee unchanged 


Source - Ref. (5) 


s VCBD = "Central .Bustness DLStrict 


New York appears to have experienced overcrowding 
throughout its history because it has consistently 
been larger than the maximum city which can be served 
satisfactorily with the available technology. 


Central Calcutta, by contrast, where good public trans- 
portation is not provided, is an example of overcrowded 
conditions because of poverty. At present Calcutta 
cannot afford the available transportation systems 
which would allow it to be spread out. 
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CHAPTER 4 
CHARACTER OF URBAN TRANSPORT 


This chapter seeks to give a better understanding of urban 
transport, firstly by viewing it in relation to other parts 
of the urban economy and secondly, by dissecting urban trans- 
port in various ways. The following section headings are 
employed: 


4.1 MAGNITUDE OF THE TRANSPORT SECTOR 
4.2 SUB-DIVISIONS OF TRANSPORT 


4.3 PERSON TRANSPORT 


4.3.1 By Mode 
4.3.2 By Income 
4.3.3 (By. Dreving Ability 
4.3.4 By Trip Purpose 
4.3.5 By Time Categories 
4.4 GOODS TRANSPORT 
4.5 SERVICE TRANSPORT 


4.5.1 Emergency Services 
4.6 OTHER USES OF TRANSPORT FACILITIES 


4.6.1 Military and Disaster Services 
4.6.2 Celebrations and Demonstrations 
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MAGNITUDE OF THE TRANSPORT SECTOR 


The urban system is a complex modern mechanism and a 
most important element in modern civilization. MTrans- 
port plays a key role in the system. 


Some concept of the magnitude of the role of urban 
transport may be gained from 4tl and 4t2 which show 
transport in the context of a personal budget and of 
a municipal budget. It will be observed that urban 
transport, directly and indirectly, consumes some 25% 
of total personal expenditures and 18% of municipal 
government expenditures. 


The effect of government transport expenditures, how- 
ever, is much greater than suggested by their magnitude. 
For all other land services (Sewer, water, gas, electri- 
Cilty, “ete. COovermments, wnchiding public utilities, 
spend practically all of the approximately $85/cap/year 
of total cost. Similarly, for people services (health, 
education, social, welfare, etc.), government spends 
most of the $175/cap/year. For urban transport, however, 
with only about $50/cap/year of direct expense*, the 
government exerts. a major influence over total trans- 
portation expenditures of some $500/cap/year. It is 
this leverage which suggests the possibility of sub- 
stantial government influence upon the achievement of 
basic goals through a comparatively modest transport 
expenditure. 


* Table 4tl shows about $30 of direct municipal public 
works expense to which must be added the direct ex- 
penses of senior government less intergovernment 
payments. USing Ref. 76 we estimate the total at 
BoOUE 350. 
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TABLE 4t1l 


EXPENDITURE OF MUNICIPAL GOVERNMENT IN ONTARIO 
(1965) 


Total Gross Per Capita| Estimated 
$ mil. Transport 
Component 


General Government 83.5 


Protection of personal 


mai) $ per cap. 
re aes 
| 
| 


property (fire, police, L545 28 4 
street lights) 

Public Works 3303.9 59 30 
Sanitation & waste 

removal LL2 44) 20 10 
Health 3643 6 

Social Welfare 69.4 12 2 
Education 482.9 86 
Recreation and 

Community services S| 10 - 
Other BRAND 9 - 
Debt charges LO0 Ws 18 - 
TOTAL | 1,478.8 | 263 47 
* Source: Municipal Government Finance (Revenue and 


Expenditures), 1965, D.B.S. Catalogue No. 68-204, 
Rete stele 
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TABLE 4t2 
BREAKDOWN OF PERSONAI, URBAN EXPENDITURE 


(1966 ~- Canadian Representative City) 
» Per Capita 
TRANSPORTATION 
Direct Personal Expenditure 23 
- ‘auto purchase : 100 
= tauto operating | 110 
~! urban \eranswrt 10 
- other (taxis, rentals) 5 
a Sete riee aves a Pe EEE AAT OOE AG POU VEN ANEO ori 
Indirect Expenditures 210 
=- MmovenentoFf Goods 170 
- service vehicles other than government | 
(telephone pirépaim services; hydropPos 9% o'| \40 wor 
Indirect | 47 
~-~ estimated portion of property ‘& personal 
taxes | 
FOOD * 
SHELTER * 


- rents, taxes, mortgages, repairs 
(excluding taxes for education) 
weapublicmitilityo Wand. Services," mec riding 
water, gas, electricity 
- other land services, including sewer, 
sanitation; = five yepoltices ete. 
- household operations (telephone, fuel,etc. 


PERSONAL EXPENDITURE * 


- clothing and personal furnishings 
- household goods and furnishings 
- tobacco and alcoholic beverages 


PERSONAL SERVICES 


- health and medical 
= (reducatlLomolCineluding portion “of "property 
and personal taxes) 

- personal’ care, recreation 


MISCELLANEOUS 


- personal taxes (excluding education), 
gifts, miscellaneous 


GRAND TOTAL 
(Pn er 
* excluding our estimate of the transport component. 


Source: Ref.(18) Urban Family Expenditures, 1964 and National 


Accounts, Income & Expenditures, 1966, DBS Cat.No.62-527 
and 13-201. 
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4.2 SUBDIVISIONS OF TRANSPORT 


The subject of urban transportation is such a large 
one that it needs to be sub-divided for study pur- 
poses. The way this sub-division takes place is 

very important because of its bearing upon the con- 
clusions. One deficiency of some past approaches to 
urban transportation has been that one sector (such 

as CBD people travel) has been considered intensively, 
and others (such as goods movement) largely ignored. 


Our principal division of urban transport is into 
three main sectors, namely: 


- the transport of people 
che; transports of goods 
#' ‘service travel 


The distinction between these three major sectors of 
transport is in what is transported. It may be 
people, or goods, or service personnel travelling 
with equipment to render the service (a plumber for 
example). 


No precise estimates are available concerning the 
exact relative importance of the three major sectors 
of urban transport in Canada. From representative 
traffic counts and costing.work whichsis part of 

this project, the total urban transport cost has been 
sub-divided approximately as follows: 


~- “transport-of-people--—--—-50% 
- transport of goods - 40% 
- service travel ae to 

Total 100% 


This crude cost breakdown does not necessarily indi- 
cate the relative importance of each sector. In 
terms of vehicle flows in the peak hour, people are 
much more important than goods. People, however, 
have several modes open as options: walking, public 
transit and auto, and there is also the possibility 
of communications substitution. There are fewer 
options for goods movement. At present, there is 
practically no substitute for the truck as an urban 
goods vehicle. 
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Person transport has usually been given priority 
because of the peak hour design importance and 
because of the direct personal involvement of so 
many citizens. 


There has been considerable discussion of the substi- 
tution of information transmission for the movement 

of people. Present indications, however, are that in 
the forseeable future this will not occur to any sig- 
nificant degree. The volume of use of new communica- 
tions facilities is increasing tremendously and the 
pace of business thereby increases, resulting in an 
increase in productivity and possibly even an increase 
in travel as well. Further improvements in information 
transmission may increase the possible amount of work 
done at home instead of in offices. This could have 
some effect, particularly on the peaking of the work 
trips. Such a shift appears unlikely to be a substan- 
tial factor in the near future. There is also the 
possibility of substituting communications and delivery 
service for shopping trips. This also does not appear 
a major factor. Therefore, non-transport substitution 
possibilities do not materially lessen the importance 
of person travel. Transport modal substitution pos- 
Sibilities, however, are real and significant and make 
person travel less critical. New York City could sur- 
vive a strike of all transit operators but it could 
not survive a strike of all truck drivers. 


There are a number of possibilities of substitution 
of goods so as to vary the transport demand. For 
example in the supply and distribution of power, 
there is a trend to reduce the requirement for motor 
vehicle transportation. Electrical power is distri- 
buted by transmission line and natural gas by pipe- 
line. Because these enjoy lower distribution costs 
in some cases, there is a tendency to substitute them 
for coal, fuel oilMand gasoline: *Ther latter arerthe 
sources of power that require motor vehicle transport 
and, thereby, experience a higher cost of distribu- 
tions)! This#is noteabmajyoreiactoe,vbutefor complete- 
ness in calculating transportation costs, electrical 
power distribution costs and natural gas distribution 
costs by pipeline might well be included. 


There are also some possibilities of replacing truck 
transport by other modes for special commodities. 
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Pipeline distribution has been substituted for vehi- 
cular distribution of water, and sewers for the vehi- 
cular collection of night soil. Pipelines are some- 
times used for transporting chemicals and petroleum 
products, and their use for transporting solids is 
increasing. These are largely industrial or inter- 
city applications. The only significant major urban 
application is a potential one for garbage and ash 
removal. This is far enough in the future and suf- 
ficiently small not to affect this study significantly. 


In general, truck.transport is quite resistant to sub- 
stitution, even though there are some possibilities 
which need to be kept clearly in mind, particularly 

in the development of new modes. 


Service transport is the most resistant to substitu- 
tion of any type and, therefore, it deserves special 
treament as it is given in Section 4.5 


4.3 PERSON TRANSPORT 


Person travel may be further subdivided: 
- by mode 
- by income 
- by driving ability 
-.- by strips purpose, and 
- by time categories 


Aasak By Mode 


Person trips may be classified by mode of travel as 
follows: 


Personalized 
Automobile 


Automobile is the dominant mode, but vehicle 
occupancy has gradually been declining. This 
change ,is+important, due to the street space 
requirements and costs involved. The marginal 
costs,of,a car,poolsoperation, 1.forcexample,, are 
very low indeed. Where it is convenient for 
workers to use a car pool, it is not possible 
for any mode of transit to compete on the basis 
of cost or on the basis of service. 
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Taxi 


Taxis are usually not analyzed separately in 
transportation studies, but they are a sig- 

nificant mode, particularly in the downtown 

sections of larger cities. 


Mass 


Bus 

Bus operations are susceptible to statistical 
analyses and have been the subject of many 
urban transport studies. 


Subways and Commuter Trains 


Subways and commuter trains are also the sub- 
ject of conventional transport analyses. 


Private and Public Transport 


Traditionally, considerable emphasis has been placed 
on the distinction between private and public trans- 
port, with the automobile being the example of private 
transport and the bus or subway the example of public 
transport. Two separate transport categories are 
mixed together, however, in this distinction. One 
should distinguish primarily between personalized and 
mass transport. The public vs. private distinction is 
of less consequence and is seldom carried through 
completely. For example, government autos are not 
private transport and a privately owned bus company 
May provide a public service in the same way that a 
taxi company also provides a public service. 


Personalized transport often gives a much higher stan- 
dard of service than does mass transport and is practi- 
cally always preferred by the consumer. Users are 
willing to pay a large premium for it. There is no 
reason, however, why personalized transport should 
always be private and mass transport always be public. 
There are many examples of private mass transport sys- 
tems and we may well, in the future, see public person- 
alized transport systems. 
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4.3.2 By Income 


For many purposes it is not acceptable to use 
only average income in the analysis of people's 
transportation. The low income sections of 
society in particular can experience hardships 
because they are unable to pay for transportation 
essential to their work and income. A breakdown 
of the population by income sector for transport 
analysis purposes is needed. 


4.3.3 “BY Deriving Ability 


The following three categories are suggested 
to classify the population by driving ability: 


Skilled Auto Drivers - Class A 


These would be the people who, through their 
maturity, training, knowledge and skill, are 
competent as drivers of motor vehicles at 

high speeds on freeways and also onto and off 
guideways. Quite possibly the major correct- 
able reason for the high traffic accident rates 
at the present time is the dangerous driver. 

He should not be permitted to drive. This 

fact is becoming recognized and one may expect 
a tightening of regulations, particularly as 
speeds increase. At present in Canada approxi- 
mately one third of the population has motor 
vehicle operator licenses. If a stricter policy 
were adopted, one might expect that this per- 
centage would not increase even though the car 
ownership continues to increase. 


Class B Drivers 


At the present time no distinction is made 

in the classification of drivers. If a person 
has a license he may operate any kind of motor 
vehicle at any posted speed on any road. No 
proof of skill or knowledge is required to 
operated a bicycle, boat, golf cart, snowmobile, 
or farm tractor. With the development of new 
technology, and the possibility of city Cars 

with slower operating speeds, perhaps electrically 
powered, there may be good reasons for having 

two classes of drivers. Older people and some 
younger people would be unable, because of either 
-age or infirmity, to obtain a Class A drivers 
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license. ‘Théyvcoulda*be issued, however,’ a Class B 
license, which would permit them to operate Class 
B vehicles at lower speeds, on specific routes. 


Non-Drivers - Class C 


There is, and will remain, a class of people who 
will not and should not travel alone. Apart from 
the obvious examples of babies in arms and stret- 
cher cases, a significant part of the population 
requires that some other person accompany them 
for d Grip ot “any *length. 


The significant question which is not yet answered, and 
which is an appropriate subject for further attention, 
is whether there need be a gap between Class B and Class 
C. Might it be possible to develop a Class B vehicle 
which can safely be operated by all the population who 
can and should travel on their’ own? 


A very preliminary estimate indicates that approximately 
one third of the population» is’ and will remain in the 

C category and about the same proportion might be in the 
B category. 


By Trip. Purpose 


Table 4t3 gives an indication of the breakdown of person 
trips by trip purpose. Such data is usually obtained in 
urban origin-destination surveys for transport planning, 
so that a great deal of such!) information is available, 
Each category has some distinctive features, as dis- 
cussed in the following paragraphs. 
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TABLE 4t3 


PERSON: TRAVEAGS. BY: TREP ¢PURBOSH 


PERCENTAGE OF TOTAL PERSON TRIPS 


From a small selection of home interview 
OaDy 


SULVEYS* 


Chicago Pittsburgh Hamilton 
1956 1961 
j 
Home Based : i 
Work 320k 32.8 | 36.3 
Personal Business 1495 ‘ 8a 8 in “Other 
7 | 
Shopping l 8.4 1320 18.9 
t ; : 
Education 338 ! ik Ooh | in "Other 
Social/Recreation 19.8 ; Dm D 20K 
; ; ; 
,}Other (including ; 
non home based) 21.4 | 12739 | 24.3 
oh A ES CONROE, LEER SEWED Dy ey ae j 


Work Trips 

The largest Single purpose category of person 

travel is “work". Work trips also show the great- 
est peaking in the morning and the evening rush 

hours and, therefore, create the critical design 
volumes for facilities. Work trips are indeed a 

very important part of urban travel and have properly 
received a great deal of attention in urban transport 
Studies. Because these trips dominate in the peak 


hour, they establish the design requirements and 


thereby have been the greatest factor influencing 
the capital cost of most urban transport facilities. 
The time spent in most work trips is probably wasted. 
Travellers show a very substantial preference for 
rides that increase comfort by making the time pro- 
ductive for reading, socializing or other purposes. 
For example, travellers are willing to pay an in- 
creased fare for a guaranteed seat. 
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Personal Business Trips 

Personal business trips are those with homeas one 
trip end and with personal business, such as banking, 
paying, bills and’ visiting ‘the ‘post’ office’ as’ the 


other. 


Shoppingy Trips 

Shopping trips display a number of distinctive 
characteristics. For example, the substitution of 
package delivery for some shopping trips is possi- 
ble. One of the best examples is the choice between 
milk delivery and a shopping trip for milk. Also 
characteristic of shopping trips by auto is that 

the perceived cost is usually very low. Probably in 
no instance is the driver aware of a perceived cost 
more than the out-of-pocket expenses for gasoline 
and parking. Time is often not considered to be of 
Significant value. The willingness of shoppers to 
Spend a great deal of extra time in order to make 
small savings in the price of purchased articles 
suggests that they place quite a low valuation on 
Ciel roeSsrG poping cCimeyror that the pleasure, Of Shop- 
ping justifies the time spent. 


Education Trips 

Education 1S accounting for an increasing proportion 
of total trips. If the trend continues toward 

larger schools and more adult education, combined 
with low density residential living, then there will 
be an increasing proportion of young people who will 
not be able to walk to school and who will need some 
type of conveyance. This would result in a substan- 
tially increased urban transportation cost that is 
directly attributable to the form of the educational 
system. Therefore, the transportation effects of the 
school layout should probably be evaluated as part of 
the cost of the educational system. 


Social-Recreational Trips 

Social-recreational trips are steadily growing in 
importance. For an increasing part of the road 
system, the peak demands are being placed by social- 
recrational trips, rather than by work trips. Since 
these trips are growing more rapidly than work trips, 
we may expect in the future, that they will become 
increasingly important as the determinants of the 
Layouttof “the transport system. 


4.3.5 By Time Categories 


One of the major issues in urban transport analysis is 
the way to treat the time of the users of the transport 
facilities and, ii particular, the value which is to be 
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placed upon this time. Such an analysis would be made 
more useful if time were divided into the following 
categories. 


Emergency Time 

The highest value for transport time is for the 
occupants of emergency vehicles, such as ambulances, 
fire engines, police cars. 


Paid Time 

Many of the people travelling in any city are em- 
ployees travelling on company business. The time 
Spent in travel is fully compensated to them at 
their standard rate of pay, which is the price of 
this time. Any saving in this time can be a direct 
improvement in the efficiency of industry and of 
the urban region. 


Unpaid and Wasted Time 

The subway traveller who is packed into a subway 
car usually is not paid for the time, and he is 
forced to waste this time in an unpleasant, un- 
comfortable position. He is willing to pay some- 
thing to reduce the length of travel time, but the 
amount which he is willing to pay may not be as 
great as his normal rate of compensation. Some 
studies indicate that it is in the order of half 
this rate.* 


Unpaid But Useful Time 

If the traveller is given more Space and is made 
more comfortable, then he is able to make some use 
of unavoidable travel time. He is then less will- 
ing to pay to avoid spending this time in travel, 
but the amount by which he is willing to reduce 

this price depends upon his evaluation of the degree 
of usefulness of the activity which he can carry out 
during the trip. This degree of usefulness may be 
expressed as the degree of comfort and convenience. 


Fun Time 

Some people, at some times, travel purely for the 

fun orvenjoyment sof the trips? The roller cCoageean 
ride is one example, another is the Sunday after- 
noon automobile drive. Much of the driving by teen- 
agers is of this type. Savings or reductions in this 
fun time are not benefits or improvements in real in- 
come. Why, then, do some people travel at high 


* Recently D.G. Tipping has criticized the usual 
approach to time saving evaluation (70) but no 
constructive alternatives have been produced. 
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speeds when out for enjoyment? It seems that some 
drivers travel at hireh speeds, not to save time 
but for the pleasure of speed itself. Similarly, 
the slower speed is not usually to consume more 
time, but rather to enhance the enjoyment of the 
drives. 


GOODS TRANSPORT 


Practically all soods transport in urban areas, except 
those which are carried by pipeline, are moved by 
truck. This motor vehicle dominance of goods trans- 
port establishes road transport as the most indispens- 
able méthod of urban transport. The combined use of 
roads for both goods movement and people movement leads 
to high efficiency. Although person movement has been 
studied very thoroughly from the broad urban perspec-— 
tive, there have been very few city-wide studies of 
truck movements. <A proper sub-division of this analy- 
Sis by the various types of goods movement is almost 
non-existent. This is an area in which we shall attempt 
to break some new ground and make some recommendations 
for further work. Table 4t4 gives a suggested classi- 
fication by type of service. 


Pick-Up tend Delivery Service 

This 1s one distinctive type of urban trucking 
which has very high unit costs associated with it, 
because of the times consumed by pick-ups, deli- 
VEDles and delays, and because The average lToaa on 
the vehicle at any time is comparatively small. 
This category includes department store vehicles, 
parcel P & D operations and the postal service. 


Bulk Haulage 


Specially designed trucks are used for bulk haulage. 
These include dump trucks for granular material. 


ppecial 

An increasing amount of urban goods movement is by 
special vehicles, designed for a particular product 
such as cement trucks, concrete trucks, o11 trucks, 
CC. 


Service 
The service vehicle is included here only for com- 
pleteness because it is considered as a separate 


category under Section 4.5. 


General Cartage 
General cartage is used to refer to non-bulk goods, 
which are transported usually in an unpackaged 


state. 
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TABLE 4t4 


URBAN TRUCKING 


Classified by type of service 
and type of carrier 


OT EET Y tet te LP ten LN La Ne Ne es SNE AR Nw Dian ed BY atten A hh a NA ie Sly EA NR ld mee mA RO AO Arn ABN RI ei NO hi NOME 


TYPE OF CARRIER 


FOR HIRE 
= 
TYPE OF SERVICE i 3 
} HH Zz s 
5 Smee 
4 tH = Zz 
rx O O 
| Ay 0 O 
| 1. Pick-up-and-Delivery (packaged ape hd X x 
2. Bulk Haulage 
earth, sand & gravel, snow, etc. Da ayy! x 
3. Single Product Special Vehicle 
fuel, cement, chemicals, concrete} ae xX 
id 
4. Service Vehicles 
Fire, repair j Ril 
H i 
5. General Cartage 
Manufactured goods, semi-finished; 
& wholesale (incl. food & con- ; 
struction) | x = x 
Farm produce X } 
Moving machinery, furniture, se X X 
j 
| 6. Containers X 
| %. Autos used for Pick-up-and-delivery X | 
i 
‘8. Trucks as pure people movers X r 


X indicates the type of carrier which performs a 
substantial part of the indicated service type. 


Staten nttirintn 2 Adie tate eee et —s 
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Containers 


Containers are conSidered as a special item, al- 
though their volume is still comparatively small in 
urban trucking. 


Autos as Goods Movers 

Many shopping trips and much usage of station 
wagons is for moving goods and might be substitu- 
ted by pick-up-and-delivery service. 


Trucks as People Movers 

Trucks are sometimes used just to move people. It 
may be 2 or 3 people in the cab of a pickup or it 

may be a larger vehicle with some type of benches, 
army Style.” Such, transport,,..of. course, should be 

treated as people movement not goods movement, but 
it is included here so it will not be overlooked. 


One significant change which is taking place in urban 
trucking is the gradual increase in vehicle size. 
This creates problems, particularly in the downtown 
section of the city, even through most truckers use 
different types of vehicles for downtown and for the 
outskirts. The vehicle size constraint plus downtown 
congestion means that truck costs in the suburbs are 
generally much lower than in the downtown area. 


In general, urban trucking is highly cost sensitive 
and should be capable of rigorous economic analysis. 
Surprisingly few economic analyses have been carried 
out on urban trucking. A small number have been done 
by the trucking industry itself but very little know- 
ledge has been applied to urban transport planning 
studies. 


This is an area of great potential for further re- 
search. The conference held in December 1970 as this 
report was being finalized, and sponsored jointly by 
the Canadian Ministry of Transport and the U.S. Depart- 
ment of Transportation is an encouraging sign that 
action is to be expected to fill this research gap.* 


* See the conference proceedings and some of the more 
significant publications either presented at or 
referred to during the conference - references numbers 
iy ho, 8S and 60; 
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SERVICE TRANSPORT 


The distinctive feature of service transport is that it 
is essential that at least one person with a special 
skill be transported in the same vehicle as some commo- 
dities. He is commonly the driver of the vehicle. 
Telephone and hydro repair trucks are good examples of 
such service travel. For urban transport, service 
travel is exclusively by motor vehicle. It is diffi- 
cult to imagine any other mode which could substitute. 
In rare instances a helicopter might be a substitute, 
or, in the future, some new mode of travel. Service 
travel has not usually been considered as a separate 
transport segment in urban areas. The separation of 
service travel may be important because of several 
special features connected with some of its require- 
ments. 


Emergency Services 


Emergency services include police vehicles, fire 

trucks and ambulances. The very high value which is 
placed upon the time of these vehicles by the community 
is shown by the laws governing the use of sirens. 


Emergency services represent a very small percentage 
of total urban transport. Approximately 1% of urban 
vehicles are for emergency services. The important 
service which these vehicles perform, however, merits 
study and analysis on their own. 


The average time required for an emergency vehicle 

to get to the scene of the emergency is usually quite 
short. In Washington, the average travel time for an 
ambulance to reach an accident is 7 to 10 minutes. 

Some limited data, however, show that in a small per- 
centage of the instances, the time increases to an 
unreasonably high figure (up to 60 to 80,minutes for 
ambulances), largely as a result of traffic congestion. 
A supplementary study is desirable to get more assess- 
ment of the seriousness of this problem. If suffi- 
ciently severe, there are several solutions which 

might be considered. Helicopter service might be used, 
or special ramps by-passing congested areas may be 
constructed for the exclusive use of emergency vehicles. 
In Moscow some centre strips are reserved for this 
purpose. 


2 
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4.6 OTHER USES OF TRANSPORT FACILITIES 


4.6.1 Military and Disaster Services 


\ 


Military and disaster services are the responsibility 
of the Canadian Emergency Measures Organization. In 


services it would be necessary to review this subject 
with the Emergency Measures Organization which has not 
been done as a part of this project. Generally speak- 
ing, it is considered that the possibility of a 
disaster is sufficiently small that large sums of 

money to prepare for it are not justified. EMO efforts 
have been concentrated upon special training, with 

some attention being given to the development of, and 
assigning of, emergency evacuation routes. If the 

EMO could define the requirements for such evacuation 
routes, it would be possible to rationaly modify urban 
transportation systems, using a modification of normal 
design techniques. Another flow analysis would be pre- 
pared to identify evacuation problems. Minor changes 
might be proposed in the physical facilities, in 
SLONING,, and in, the instruction. of BMO stati. If such 
a procedure is considered of sufficient importance by 
EMO, the federal government could usefully deal with 
the issue through preparation of planning instructions, 
and perhaps some financial participation. 


4.6.2 Celebrations and Demonstrations 


Streets can be used for parades, celebrations and 
other demonstrations. Parks and pedestrian plazas 
can also serve to some extent for such purposes. 

At present, this issue does not require any special 
attention. However, if any major transport change 
were considered that might greatly reduce the number 
of motor vehicles, then the requirements of these 
functions may become more important. 


POrdex tovexplorertne ampertance-of military and disaster 
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CHAPTER 5 
URBAN TRANSPORT ADMINISTRATION 


This chapter describes the interlocking multi-leveled 
administrative structure which is involved with transport. 
Some of the administrative problems are discussed and the 
national consequences presented. The following are the 
sectional headings: 


Dial! AREAS OF JURISDICTION 


Dee TIME HORIZON 
Diets CO-ORDINATION BETWEEN MODES 
5.4 FINANCE 
iota NATIONAL CONSEQUENCES 
5.5.1 Broad long-range view 
Sec | Researchvand, Development 
5.5.3 Federal Agency Co-ordination 
5.5.4 National Economic Policy and Control 
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AREAS OF JURISDICTION 


The physical and technological problems of changing 
urban transportation systems are accentuated by con- 
current management problems. It is exceedingly dif- 
ficult for community management and control processes 
to respond quickly enough to changing transport re- 
quirements. In most Canadian cities, as urban growth 
has taken place, the urbanized fringe has rapidly 
passed over municipal boundaries. Abutting munici- 
palities become one unit as far as transport opera- 
tions are concerned. Municipal boundaries become 
arbitrary and this creates serious problems in trans- 
portation planning, which logically should disregard 
arbitrary municipal boundaries. Even metro regions 
with aggressive annexation or amalgamation or metro 
government policies have had difficulty in keeping 
the metro area jurisdictional boundaries expanding 

as rapidly as urbanization takes place. Because of 
the tendency of urbanization to overflow municipal 
boundaries, one of the proposals coming from the 
February 1969 Urban Transportation Conference was for 
more regional or metropolitan government. It is 
highly desirable from a transport planning viewpoint 
that metro government have a sufficiently large area 
of jurisdiction to be able to coordinate and manage 
the total transport system in the whole urbanized 
region. Transport problems will still exist in the 
perfect administrative system, but there is some indi- 
cation that the trend to regional government will 
assist urban transport planning and operation. 


TIME HORIZON 


Another major problem in planning urban transportation 
is that the necessary planning horizon is very much 
longer than government's term of office. For any major 
transportation project the time between conception and 
operation may be five to ten years or more. For any 
comprehensive transport planning it is necessary to 
look ahead at least ten years and preferably 20 or 30 
years, because the useful life of the facilities is at 
least 10 to 20 years. Many governments have a term of 
office of only one or two years, and, at the most, the 
term of office may be four years. To give adequate 
consideration to planning matters that require a for- 
ward view of ten to thirty years and which, even under 
the best circumstances, cannot show material benefits 
in less than five years, is a very difficult task for 
a government that has a short term of office. 
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CO-ORDINATION BETWEEN MODES 


As the number of modes of transportation within an 
urban area increases, the importance of establishing 
effective coordination between the planning of the 
several modes increases. With only one mode, there 
is very little problem. But as soon as there are two 
modes, such as roads and subways, for example, the 
coordination becomes important. As the number of modes 
increase the coordination increases in importance. 
This will become a very serious and important problem 
as new technology produces new modes, and these dev- 
elopments may not be far off. In many instances in 
Canada there is no required coordination between 
existing urban transport modes. Often, the financing 
is quite independent. There is an increasing demand 
for the establishment of area transportation authori- 
ties, each exercising planning and management control 
over all modes of transportation within a particular 
urban area. 


FINANCE 


Road transport experiences particularly difficult 
problems of finance. There are usually several levels 
of government directly involved in the financing of the 
roads. But an even more troublesome division is bet- 
ween private financing of motor vehicles and public 
financing of roads. With this wide difference in 
source of financing of the two component parts of a 
road transport system, it is very difficult to achieve 
the rational financing programme such as is achieved, 
for example, on a railway where the rolling stock and 
roadbed are administered by the same management. On 
the one hand, we find motor vehicle owners freely 
spending on average 12¢ per vehicle mile in total 
operating costs. On the other hand, modest road costs, 
in the order of 1¢ per equivalent vehicle mile for con- 
struction and maintenance, are allocated sparingly by 
the responsible public authorities because these road 
building and maintenance authorities are subject to 
much different budget criteria than the private user. 
The result is that in many instances motor vehicle 
users are prohibited from making the adequate road 
investment which they would be prepared to make to 
achieve an optimum return from their large expenditure 
on the vehicle. The extra road expenditures may be only 
what the users are quite willing and ready to pay, but 
the decision process for investment in roads gives the 
user no way of buying the extra road that he is pre- 
pared to pay for. Manufacturers pressure the user to 
buy more expensive motor vehicles, but pressure for a 
better road system is comparatively weak. 
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The financial problems of public transit systems are 
very different. The transit user seems unwilling to 
pay the full cost of the service he now receives. In 
Toronto, for example, the nonusers or irregular users 
are paying a subsidy, and properly so, to have the 
public transit system available if and when they may 
need it. Similar subsidies are desirable in other 
Cities, although there is little. justification for 
the pattern which seems to be emerging, of operating 
costs being borne by the user and capital supplied 

by the whole community. Decision by referenda for 
these capital investments has become common in U.S.A. 
but is still unusual in Canada. Aggressive action is 
needed to overcome the financial difficulties of 
transit systems. 


A wholly equitable and adequate system of finance for 
all modes of urban transport is, therefore, a diffi- 
cult achievement, but one which merits much greater 
attention and effort than it is currently receiving. 


5.5 NATIONAL IMPLICATIONS 


The following are some of the national implications 
of urban transport. It is suggested that there are 

a number of reasons why the federal government should 
assist other governments and the transport industry 
in the solution of urban transport problems. 


edt Broad LONG rade Vilew 


It is important for someone in Canada to take a broad 
long-range view of urban transport planning. At the 
national level is there a possibility of attaining 
the Nationwide broad long-range perspective that is 
required for the far reaching policy decisions 
affecting urban transport.* 


5.5.2 Research and Development 


Urban transport research and development can be 
assisted by the federal government or undertaken at 
the national level. There is much needed research 
which can not be justified for any one city alone 

or for any one province alone. This could be organ- 
ized on a national basis making full use of inter- 
national cooperation to conserve scarce resources 
and involving the full cooperation of all involved 
governments and agencies. 


*See Ref. No. LO 
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Fede di NPCUGr AL, Agency Co-ordination 


Since the senior level of government is necessarily 
involved in a number of undertakings which have a 
significant effect upon urban transportation, and 
since it is very important to have effective coordin- 
ation between the various Federal agencies that are 
involved, some necessary direct action at the 
federal level to bring about coordination of urban 
transport planning seems likely and desirable. 
Among the departments and agencies of the federal 
government whose activities relate to urban trans- 
port are: 


Central Mortgage and Housing Corporation; 
Ministry. .of Transport, inclnding: 
Canadian Air Transport Administration 
Transportation Development Agency 
National Harbours Board 
Canadian Surface Transport Administration; 
Department of Public Works; 
Ministry of State for Urban Affairs; 
National Capital Commission. 


5.5.4 National Economic POLLCY and Control 


Approximately 15% of Canada's gross national product 

is urban -transportation...* This 1Ss.noLwon sy a Vveny 
large part of the total economy, but also a sector 

of the economy with which government has a necessary 
and substantial direct involvement and leverage as 
discussed in Section 4.1. Therefore, serious attention 
should be given to the possibility of using urban. 
transport as a means of influencing the overall 

economy toward the achievement of appropriate 

national goals. 


*This estimate is based upon the per capita urban transport 
expense by city size as given later in this report. 
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National accounting was first examined as a means of 
relatang-transport’ erficrency to national policy. "A 
nation's economy has too many dimensions to be pictured 
easily and without distortion in a single economic 
accouUnlLI nds oLetee we TUS, 1c. Leanot Surprising. that 
no Single satisfactory national accounting measure was 
LOUNC ale bade TO Veet. 


In Chapter 10 the methodology is developed for aggre- 
Gation to hational totals from information on each of 
the three generalized cities. But, as explored in 
Chapter 6, the national income and product measurement 
accounts, as Such, do not give an adequate measure of 
urban transport efficiency. 


It would have been desirable to work with urban input- 
OutpuUe anatysis, but the’ tack\.of aisuiticiently fine 
break=downmoh euirormation madé this, impractical.  Eco- 
NOMLG MnaLtoaborsi~iwn cerms Of (cost savings, and social 
indicators have, therefore, been developed in Chapters 
8 and 9. These are adequate for the evaluation of pri- 
mary benertits, specifically total’ transport, cost. sav- 
ings, which are achievable through changes in transport 
Srriciency.. Vine maj or (Entrust of (the, project, is) to 
achieve evaluations in terms of these economic indi- 
cators, ‘and also the social’ indicators. 


In addition to these direct benefits, urban transport 
may also be used to achieve, indirectly or secondarily, 
progress toward) a number of ‘Other significant natronal 
goals, specifically: 


Improved Foreign Trade Balance 


Urban transport efficiency improvement will tend 
to lower the cost of production and thus, possibly, 
to improve Canada's international competative posi- 
tron Or Guede manutactured in Our cities, This 
benefit ws uncertain, Of course, because there is 
no guarantee that the savings will be distributed 
inm“such a way as to improve our foreign) trade 
balance,) but nevertheless this 1s 7 possibility 
though an indeterminate one. 


Lessen Regional Dispar. ties 


There is a slight possibility that Urban Transport 
might be used to lessen regional disparities by 
improving the €fficiency first in the less advan- 
taged Cities.) This is unlikely to. be a big factor, 
however, because the less advantaged cities tend to 
be smaller with slower growth rates and lesser 
urban transport problems. 


* quotation from p.2 of ref). (50) 
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Smoothing Economic Peaks & Valleys 


A traditional and good use for public works, such 
as capital’ intensive. urban transport projecta,; 1s 
to step up expenditure in economic valleys and 
slow it down in the peaks. This brings benefits 
several ways. In the valley of high unemployment 
a low shadow price could reasonably be used for 
labor, thus, giving projects higher benefits. 

The wages distributed through the project, tend to 
stimulate the economy and the benefits from the 
project will be available to create savings at 
the time of the next peak. 
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CHAPTER 6 
URBAN TRANSPORT EFFICIENCY 


This chapter discusses the nature of urban transport 
efficiency and how we propose to evaluate means of impro- 
ving this efficiency. The section headings are: 

6.1 MEANING OF EFFICIENCY 

Gs WELFARE ECONOMICS OR SOCIAL INDICATORS 

6.3 ECONOMIC INDICATORS 


6.4 SOCIAL INDICATORS 
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MEANING OF EFFICIENCY 


In general, a more efficient activity is one which 
achieves the objective with a lesser expenditure of 
resources. Efficiency may thus be defined as the ratio 
of output to input in which output is a measure of goal 
achievement by the process and input is a measure of 
resources consumed in the process. Any one efficiency 
ratio becomes meaningful only if compared with another. 
A particular organization of production or service is 
more efficient than another if a greater output is 
obtained by the use of the same set of inputs, or if 
the same output is obtained by a smaller set of inputs. 


If outputs are considered as benefits and inputs are 
considered as costs, then an efficiency ratio is seen 
tol besvery similarote a benéfit/cost-ratio. 


The efficiency ratio may be expressed as 


Cc 
Fel pe where 
Io 


Be - The sum*of all the’ desirable values or outputs 
produced by the city. Some are related to the 
eityiasvawhuman habitet.) We outputs 1anelude: 


SavNexspOLes. con, shhemci ty 

b) goods and services consumed by the inhabi- 
tants, of, the city 

c) intangible benefits or welfare items 
enjoyed by the inhabitants. 


Ic, ~The Sum ofthe anputs, which,ane used, to produce Bo. 
They include: 


a) “aimiports “to hel c'ty 

b) labour resources used in the urban area 

c) environmental deterioration or other 
disbenefits. . 


The great difficulty in the practical use of efficiency 
measures is that of expressing all items in the same 
units which, of course, is essential for a meaningful 
ratio. 
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WELFARE ECONOMICS OR SOCIAL INDICATORS 


Better government is more efficient in that it achieves 
a better use of resources in advancing the public good. 
Indeed the act of striking any governmental budget 
involves a conscious planning of resource allocation. 
The resources thus allocated are economic resources. 
This does not imply, however, that the purposes of 
resource allocation are purely economic. In fact, a 
considerable proportion of public expenditures is 
allocated to advance such objectives as the alleviation 
of poverty, and the advancement of culture and educa- 
tion.,,.Publicsactions~inecity:planningsand environmencas 
control, for example, are aimed at the improvement of 
the city as a human habitat for social more than econo- 
mic reasons. Even the apparently prime economic objec- 
tives of increased production and employment have under- 
lying social goals. 


Definition and quantification of social objectives are 
very difficult. When the advancement toward one 
socially desirable goal involves a conflict with the 
advancement toward another goal the decision of what 
constitutes the optimum balance is a function of the 
policy-makers. The duty of the analyst is. to ‘dispiay 
different options and trade-offs, in such a way asitcaG 
help the policy makers to take their decisions, but 
without encroaching on their field of responsibility. 


For analytical purposes this problem may be expressed 
in terms of efficiencies, as has been done in Section 
6.1 or in terms of trade-offs -.as follows: 


The formal condition for optimization of resource 
allocation is that the benefits from the last 
(marginal) dollar allocated to any one objective 
should equal those from the last dollar allocated 
to any other objective., Without this condi tionm@ene 
overall position of the society could be improved 
by shifting the expenditures from the allocation 
producing lower benefits - at the margin - to 

those producing higher benefits. 


Either optimizing approach would give the same results. 
Each suffers the same handicap - valid analysis re- 
quires that all costs and benefits be expressed in the 
same units. 


The "welfare economic" approach (see appendix C) does 
just that or at least proports to do so. In welfare 
economics one uses monetary units to quantify the com- 
lete welfare function. Thus all numerator items in an 
efficiency ratio, including intangibles, are expressed 
in dollars as are all denominator items, including 
environmental deterioration. 
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This conversion of all values to a common unit like 
dollars appears unattainable and, even if attainable, 
lacks popular appeal. People feel that social welfare 
is advanced by enriching the cultural life of the 
population and improving its health, but the measure- 
ment that would bring a well-baby clinic and a symphony 
orchestra to a common denominator, and that would also 
be operationally meaningful, is hardly conceivable. At 
the same time, a need exists to assist the policy 
makers to choose from an increasing number of options 
2UVOLVING thie type: Of allocation. 


A second main avenue of approach to the problem of 
allocating resources among the competing goals of 
Society Te. tireuice, of both veconomic and. social indi- 
cators" together to describe the various Situations. 
This approach accepts a mixture of units and, because 
* of this, the results of an evaluation cannot be ex- 
pressed by a single number by which projects can be 
ranked. Rather each project or alternative is des- 
cribed by a series of indicators in different units. 
The user of the results must then do his own trade-off 
analysis in comparing schemes and ranking them. 


Both the "Welfare Economics" and the "Social Indicator" 
approaches have a long and distinguished tradition. 

The "social indicators" approach can be traced to 
eighteenth century writers on "Political Arithmetick" 
and "Cameral Science". Welfare economics, although 
formally introduced in the 'twenties', by Pigou, can 
claim a sustained development from the works of Pareto 
during the second half of the last century.* Recently, 
work in both directions has been greatly intensified in 
response to the needs of government. 


For purposes of this project a combination of "social 
indicators" and economic or monetary indicators, has 
been employed. The value of the welfare economics 
approach is recognized and discussed more fully in 
appendix C. The necessary and accepted conversion fac~- 
tors have not been available, however, to express all 
social values in monetary terms, and, in our judgement, 
the decision makers are not prepared to use a single 
indicator. Indeed the current popular objection to the 
so called "cult of the GNP” and appeal for a zero 
growth rate are warnings against evaluations in terms 
of a single monetary unit. 


* Pareto had distinguised careers in three disciplines - 
engineering, economics and sociology; his career is an 
example of the value of inter-disciplinary cross-ferti- 
lization, as well as of the common centre of interest 
of those disciplines. 
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ECONOMIC INDICATORS 


Even using the social indicator approach, we still 
employ economic indicators as far as possible to 
measure the degree of achievement of social goods. 
Even though, because of mixed indicator units, effi- 
ciency ratios as such are not useful, nevertheless, 
meaningful economic efficiency measures may be achieved 
by holding the output constant at the neutral path 
CONGLCLOMN anid “varying thie Input. “Input dttre re tces 
between any scheme and the neutral path conditions, 
then become measures of efficiency improvements, ex- 
pressed as savings or benefits. 


The benefits which are conveniently described in mone- 
tary terms are referred to as ‘economic benefits' and 
are expressed as monetary savings. They are generally 
the items which show in the national accounts. The 
usefulness of economic indicators to gauge transports 
contribution toward human goal achievement is con- 
Sidered in Sections 7.2 and 7.3 and the character of 
such indicators is developed in Chapter 8. 


SOCIAL INDICATORS 


Social indicators have been used to quantify some of 
those important costs and benefits which we are unable 
to express in dollars. Because of the mixed units, 
ratios cannot be used and, therefore, for each scheme, 
it is necessary to express the costs and benefits in 
terms of the several indicators. Some of the long 
range, very important benefits of improved quality of 
neighbourhood life for example,can only be expressed 
in terms of the social indicators. The social indi-= 
cators are thus used for describing those social 
benefits which do not normally show in the national 
accounts. 


The usefulness of social indications to gauge trans- 
ports contribution toward human goal achievement is 
considered in Sections 7.3 to 7.7 and the character of 
the social indicators selected for this project is 
discussed in Chapter 9. 
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CHAPTER 7 


TRANSPORT AND HUMAN GOALS 


This chapter suggests a comprehensive human goal matrix and 
the parts of this matrix where urban transport efficiency 
improvements may contribute to goal achievement. The section 
headings are: 


T prea 
Tod 
dei 3 
7.4 


7.5 


HUMAN GOALS 

MATERIAL WELL-BEING 
SOCIAL WELL-BEING 
VOCATION 

HEALTH AND SURVIVAL 
PUBLIC ORDER AND SAFETY 


PHYSICAL ENVIRONMENT 


bbe 
‘ary 
cS 2. 


ie 


; 
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HUMAN GOALS 


Efficiency concerns the effectiveness of the use of 
resources, to attain goals. It is’necessary, therefore, 
in developing a rational efficiency evaluation methodo- 
LOuy, tO Starl WiemeugdLe. tne basic goals of society 
are, of course, social goals. 


Therefore, we have established a goals matrix and 
utilized both economic (or monetary) and social indi- 
cators, aS appropriate, to measure the degree of 
achievement of particular goals. 


Although there is much current discussion of the broad 
goals of society*, there is a serious lack of a clear, 
precise, widely-accepted goals matrix. Figure 7fl 
presents the goals matrix which has been developed for 
the purposes of this project, using the current litur- 
ature and considerable judgement. It has been con- 
ceived as a logically complete set of human goals 
arranged for convenient expansion to all sub-goals 
which may be articulated. 


Figure 7£2 suggests some of the interactions between 
this set of goals and government policy. Referring to 
Poqure vil, ) lreispor. and “ACCLVLty Distribution” 
(land use) are in dynamic interaction in the centre of 
the urban system. Government policy may exert an 
influence upon the system in four ways: 


- transport expenditures and regulations 
~ other land service expenditures 

- land use regulations 

- people service expenditures 


Some of these policy tools have a direct effect upon 
the goals. For example: 


- the police system on public order and safety 

—- health services on health and survival 

- education services on vocation 

- social welfare and recreation on social well- 
being 


These direct relationships need not be considered in 
this evaluation which is concerned principally with 
Eransport, 


The remainder of this chapter discusses the goals which 
are shown on figures 7fl and 7£2 and the following 
Chapters 8 and 9 describe the social and economic dared te 
cators which have been used to measure the degree of 
goal achivement. 


See for example E.C. Manning "White Paper on Human Re- 
sources Development" (30), R.A. Bauer "Gocial Indica- 


tors" 1966 (23) and also ref. (9). 
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MATERIAL WELL~ BEING 


By material well being we mean having a good supply of 
the; materlel .thingssofsiife. It is certainly reason- 
able to measure material well being in monetary terms. 
Monetary income is used to purchase material items 
such as food, clothing, housing, recreation and enter- 
tainment, transportation and savings. 


Although there is, no doubt, a relationship between 
material well being and real income measured in mone- 
tary terms, the relationship need be neither direct 
nor linear. Considerable literature exists on the 
valuation of income and the diminishing utility of 
money with income increases. 


Average per-capita income may be misleading as an indi- 
cator of material well being, if it is not combined 
with some indication of income distribution. People 
below the poverty line, for example, require special 
attention; their problems are certainly not displayed 
by considering average income. To assess different 
transportation systems and their affect upon income 
distribution and poverty is desirable, but difficult. 


SOCIAL WELL~BEING 


A person can have material well-being or "freedom from 
want" while living alone on an island or in a space 
capsule, provided the island or capsule is stocked with 
food and all the other desired material things. By 
contrast, social well-being is good relationships with 
other people: in its simplest form, loving and being 
loved. In our complex society, it involves aspects 
such as belonging, participating, status, respect, 
power, tolerance, dignity, freedom and challenge. In 
the U.S.A. one aspect of social well-being, social 
mobility, is a crucial issue becuase of the lack of 
equal opportunity for white and black*. One might, at 
first, suspect that transportation has very little to 
do with social well-being and yet "status" influences 
the selection of personal transportation. The marke- 
ters of automobiles are well aware of this considera- 
tion, as is evident in automobile advertising. 


See "Toward a Social Report" U.S. Dept. H.E.W. 1969 (9) 
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Very little serious study is being done on this sub- 
ject except through motivation research which is pur- 
sued primarily by people who sell products to the 
public. It may be a very fruitful field for more in- 
tensive study, particularly where a public service 

such as transit is marketed in competition with private 
service. 


The subject is intimately entwined, however, with the 
other social goals which make it exceedingly difficult 
to devise a social indicator to measure social well- 
being. Furthermore, how transport contributes direct- 
ly to social well-being is not known. For some people 
the trip to work may be a very rewarding social exper- 
ience and for others a complete bore. Since people 
generally try to minimize their travel time, we can 
assume that non-travel time is more rewarding than is 
travel time. Therefore, for transportation purposes, 
minimizing travel time is the best indicator we could 
find for the maximizing of social well-being. 


VOCATION 


If vocation is used in the broad sense of a captivating 
human activity, then it includes education, leisure 
activities and employment. One of the measures of the 
quality of education could be the degree to which it 
captures the learners. And for an increasing number 
of people in our society, education is becoming an end 
in itself, as well as, or rather than, a means to an 
end. 


We are gradually experiencing more and more leisure and 
recreation. Governments are taking an increasing 
interest in providing facilities, so that leisure and 
recreation may be personally rewarding. 


Employment should be gainful and satisfying, with good 
working conditions. Many people find a great deal of 
personal satisfaction in their work, partly perhaps 
because of the concept that work is good. Certainly it 
is a very unhappy situation to be involuntarily un- 
employed. 


We have not found any social indicator for measuring 
the quality of vocation, either with regard to employ- 
ment, recreation or education. This could be a fruit- 
ful area for research, but it is far outside the goals 
OLrtiis particutar proyecc. 
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Transportation, however, clearly makes a contribution 
to employment, recreation and education, by opening 
more opportunities for these activities for the indivi- 
dual, as the level’ or quality, of transportation is im- 
proved. Thus, the transportation measure of "accessi- 
bility" may well be the best indicator that is avail- 
able of the contribution of transportation to vocation. 


The savings which may be effected in travel time are a 
Significant benefit to vocation. In some transport 
studies, savings in unpaid time are converted to 
dollars at a rate of as low as 50¢ and in others as 
high as $4.00. We have chosen to quantify this benefit 
in hours for reasons discussed more fully in Chapter 9. 
Reduced unpaid travel time is, therefore, considered a 
Significant ‘social “indicator of benefits -in vocation. 
It is useful to distinguish between several types of 
time consumed in transport as discussed in Section 9.2. 


HEALTH AND SURVIVAL 


Certain health costs are included in income which is 
considered a measure of material well-being. Therefore, 
one must be careful to avoid double counting on this 
item. For the same expenditure on health, however, 
there may will be varieties of achievement. Some 
measurement of survival or life expectancy is possible. 
At the present time, it is difficult to find any better 
measure of the quality of the health of a nation. 


Transportation has a bearing upon health and survival, 
in providing access to health services and through 
safety measures improving health by reducing accidents. 


Improved transport conditions will, therefore, contri- 
butevto. thersociralsgoalt of health and Strvivaly -(Mean- 
ingful evaluations of this contribution can be made 
through transport studies and this should contribute to 
well-informed political action. Data now available can 
be used to give some indication of the effect of trans- 


port changes upon life expectancy as discussed further 
in Section. 9.4. 


PUBLIC ORDER AND SAFETY 


Crime, war and insurrection rob people of the freedom 
from fear which is considered a basic right. Therefore, 
thie public forces of -law order justice--dand the 
militia seek to achieve the individual's peace and 
security. 
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We have available at the present time some statistics 
on the rates of crime, but there is no really satis- 
factory overall crime hazard index and very little 
understanding of how to determine the most effective 
course of action to change such an index. The design 
of a particular community, no doubt, has some bearing, 
but probably much less than the degree of law enforce- 
ment. The character of the transportation system is 
probably quite a minor factor, except as it contributes 
to physical environment and as transport is provided 
for enforcement and emergency services. We have, 
therefore, not attempted to use a social indicator de- 
picting the level of public order and safety. 


PHYSICAL ENVIRONMENT 


The individual lives in contact with his physical en- 
vironment through his senses of touch, sight, taste, 
smell and hearing. To a considerable degree, the 
physical environment is determined by housing. This 
will not be considered here because this would be 
double counting of a factor that has already been con- 
Sidered under material well-being. 


The community has a special responsibility, however, to 
effect control of the public environment. Here public 
transportation facilities are a significant factor. 
They effect the noise level, the air quality and the 
aesthetics of the community. No doubt, one of the 
reasons for people preferring low density living is to 
achieve a dilution of objectionable noise, smell and 
Sight. It is possible that somewhat higher densities 
might be desired if we could achieve good control of 
fumes, noise and unsightly conditions. There have been 
no experiments, however, to our knowledge, carried out 
along this line, and very little empirical knowledge is 
available. If it were possible, however, to make 
higher density more attractive in this way, there could 
be worthwhile savings in transportation. 


The noise level is one important dimension of the 
physical environment. Unfortunately, the scientific 
study of noise as a desirable or undesirable character- 
istic of the physical environment is in its infancy. A 
recent and extensive study made in Britain shows a very 
great variation in subjective evaluations of the seve- 
rity and objectionableness of particular noises*. There 
is a practice in some ultramodern offices to artifi- 
cially create a certain level of "white noise" to 
improve working conditions. This practice creates an 


See results of London noise survey (25) 
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"ambient" noise level. The importance of the ambient 
level is illustrated by the troublesome noise which the 
beating of ones heart makes, if one is placed in an 
exceedingly quiet sound absorbent room. The noise from 
motor vehicle traffic and from aircraft is a very sig- 
nificant factor in the physical environment. The sub- 
ject is properly receiving intensive attention around 
the world. At present, we do not know what are the 
tolerable levels of noise or even the desirable levels, 
nor do we know how much it costs to reduce the noise 
level by a certain amount. Further research in the 
Subject of aireraLtt noise,’ in, particular, but all 
transportation noise in general, is most important, and 
is being aggressively undertaken in the United States 
and in Europe. 


The automobile is one of the most significant elements 
CONCELDULLAG tO air pollution.,, The problems created by 
automobile exhaust have been very acute in the Los 
Angeles area and are being submitted to intensive re- 
search. Both the physical phenomena involved and the 
health hazard for human beings are receiving careful 
study. It is likely that for Canadian purposes we can 
rely to a large extent on the results of the research 
work which 1s receiving high priority in the 

United States*. Presently, there is available no com- 
pletely satisfactory index of the health hazard from 
motor vehicles exhaust. Quite possibly, however, for 
Canadian purposes the health hazard will turn out to 
be of less importance than some index of pleasantness 
or of alr freshness. After all, fresh air 1s one of 
the big drawing cards to the country. 


There is reason to believe that the total physical 
environment is more than the sum of its parts and, 
therefore, a useful approach might be to evaluate 
various total environments. This would appear to be 
practical because society appears to naturally divide 
itself into neighbourhoods**. Once the neighbourhood 
is adopted as a research unit for testing liveability 
variations, then exciting possibilities-are open for 
the experimental construction and testing of many sig- 
nificantly different types of neighbourhood. Trans- 
portation would be an important contributing factor to 
such a project, although probably not the most impor- 
tant: pale. A Significant and important aspect of the 
design of such research projects, however, would be to 
establish a neighbourhood transportation system that 
simulates future technological possibilities. This 


as suggested by J.L. Sullivan at CGRA 1968 (26). 


see for example ref. (8) pages 164, 424 & 440. 
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approach opens the possibility of using the market 
place to evaluate environment. The present teacher's 
salary differentials between cities, as an example, 
illustrate that such a market mechanism is indeed 
already at work. 


In the light of the above discussion, it is not pra- 
tical now to use any indicators of physical environ- 
mental quality for purposes of this current study. We 
have, therefore, for each urban transport proposal 
evaluation, included a brief qualitative description of 
its anticipated effect upon the environment. 
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CHAPTER 8 
ECONOMIC INDICATORS 


This chapter describes how economic indicators may be used, 
and how they are used in this project, as monetary measures 
of the degree of achievement of social goals. The following 
headings identify the indicators: 


Bie ECONOMIC INDICATORS 
Die TRANSPORT COST SAVING 


8.2.1 Cost Savings Indicate Economic 
Efficiency Improvement 

-2.2 Cost Saving Amounts to a Price Decrease 

2.3 Cost Saving - A Minimum Measure of the 

Increase in Real Disposable Income 

8.2.4 Extra Benefits 


8.3 DISTRIBUTION OF COST SAVING 
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ECONOMIC INDICATORS 


iM Wakes Observea from Pig. 7tl that there are two 
economic indicators which are proposed for measuring 
transports’ contribution to the degree of achievement 
of certain social goals, principaly, "Material-Well- 
Being” and secondarily, “Social-Well Being". These 

two economic indicators are: 


~ -branooouw COS t) Saving ana 
— OlStor ole Lol Omecost Savi 


TRANSPORT COST SAVING 
Transport cost saving, can be shown to be: 


- an indicator of economic efficiency improvement 

- of the same effect as a price decrease and 

- a minimum measure of the increase in real dis- 
posable income. 


Whenever we refer to transport cost we intend to in- 
clucevallVvelements Of total transport cost suchas: 


- capital cost of the vehicle and of the roadbed 
- maintenance costs for vehicle and roadbed 
="CoOst, Of OpeLacLons 

- paid time of vehicle crew and travelers 


For comparison, of course, discounting must be used to 
bring all costs to present worth or to ah equivalent 
annual cost. 


COst Savings Indicate Economic Efficiency Improvement 


Transport costs are input items in the denominator of 
the efficiency ratio. (See Section 6.1). They are made 
up of wages, materials and imported goods. If a change 
is made in the transport system such that the transport 
cost is decreased but the transport service is un- 
changed, then there are two simultaneous effects on the 
efficiency ratio. First, the denominator is decreased 
by the amount of the cost reduction, and second, the 
numerator may be increased because the resources re- 
leased from transport may be redirected to buy more. 
consumer goods and services. The latter is an example 
of secondary benefits. 
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Thus, Savings in transport costs are a direct improve- 
ment of efficiency and the amount of the saving is a 
measure of the efficiency improvement. 


One may ask whether purchased transport services should 
not be treated in the same way as other consumers' 
goods and services, i.e., as a final output. The 
reason why transport services are treated as inputs is 
that the usual objective of people is not to travel or 
move goods as an end in itself, but rather to use 
travel as a means to achieving some other objective. 
Persons and materials are moved for production purposes 
(e.g. travel to work, bringing materials to factories 
or goods to stores) or for consumption reasons (e.g. 
travel to shopping or entertainment). Thus, transport 
should be considered as an input which is necessary 

for the achievement of production or consumption. 


Cost Saving Amounts to a Price Decrease 


Transport efficiency improvements may make possible the 
shortening of trip lengths. For example, urban trans- 
port costs may be reduced by a more efficient layout 

of transport facilities whereby, travel between two 
points may be accomplished over a shorter route. Such 
an efficiency improvement has the same effect as a 
transport price reduction. Indeed, most of the effi- 
ciency improvements which we will be considering are 

of a type which have the same effect as a price reduc- 
joe Wa fae 


The savings indicated by calculations of transport cost 
reductions are social opportunity cost reductions only 
if the resources thus released can find an alternate 
use, which is equivalent. This assumption is quite 
realistic, given a reasonably functioning price mecha- 
nism, a high degree of labour mobility and a moderate 
degree of unemployment. 


Cost Saving - A Minimum Measure of the Increase in Real 
Disposable Income 


Transport cost saving without decreased quantity or' 
quality of service is a minimum measure of the increase 
in real income. Income is measured - by necessity - 

in money' terms. As an index of material welfare, in- 
come is the purchasing power available to acquire a 
desirable set of goods and services. An increase in 
money income does not necessarily mean an equivalent 
increase in purchasing power. In fact, in periods ia. 
inflation a constant money income means a decrease in 
purchasing power. Real income is, thus, defined as the 
purchasing power of money income. In order to measure 
the changes of real income, changes in money income are 
multiplied by the appropriate index of price changes. 
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The disposable income during the base year is defined 
as follows: 


Gey ey fiieg oot: Sic IN sy Pe a i Yon 
where Foy dog 0° 7 quantities of goods and services 
: , purchased during the base year 
Poy Po9 «se - prices of goods and services 
f during the base year 
2 - Saving during the base year 
fo ~-~ free service of public authorities 
during the base year 
Yog - gross, income, inclusive of transfer 
payments,) Subsidies, etc., during 
the base year 
to - taxes during the base year 


Similarly for any subsequent year i, the disposable 
income would be: 


win: Pia te did Pio Saas Se ntatantee ua a ain iy i i @ 


(subscript i denotes current year; meanings of other 
symbols same as above.) 


In order to calculate the change in real income, we 
could either adjust for every price change, or adjust 
(Yig =tej DY tae cost Or Living’ andex. 

Let uS now assume that the price of item j declines... 
Pot ors... andthe quantity on) remains constant... 
Go2=9;.+ This change would be equivalent to an increase 
inJreai De opOsSeD Ue NCOs Ved. waka ree “Fae e) 22 Such 
an increase were taxed away, thé cordsumerJwould be left 
as well off as before. If he were allowed to spend it 
as he pleased he would be better off, even if he spent 
all these savings on the increase in consumption of the 
Same goods. The real income, thus, increases by at 
least the amount of the saving due to the price decline. 


If such a decrease in price happened as the result of 
government expenditure, a compensatory change in money 
disposable income would need to be introduced. This 
compensatory change would be an increase in taxes to 
cover the costs of improvements. If such a compensa- 
tory change were introduced, the net increase in real 
disposable income (E) would be: 


pT -cRige th 0 ae he kets Raa 
a) hae, 
where C. is the compensatory tax to pay for the 


costs of the improvement. 
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In the case of total transport cost, however, items 
such as tc are already included as part of the total 
cost. Thus, the real disposable income is increased by 
at least the amount of the transport cost saving. 


Extra Benefits 


Note that transport cost saving gives a minimum valu- 
ation of benefits. For example, a decline in transport 
costs also increases the freedom of choice of location. 
More locations become attractive. Free public services 
suclt as \parks,. cultural. centres..and the like; became 
more accessible and thus, their value increases. An 
increased freedom of choice or an increase in possible 
choices, increases the satisfaction obtained from the 
purchasing power at the individual's disposal. The 
proposition as applied to transport and residential 
choice is developed further in Appendix A. 


If transport is made more efficient, some people choose 
to use the benefits so gained for travelling farther to 
live at lower density. People do this only because the 
benefits they achieve in this way mean more to them 
than if they used the extra available income for some 
other purpose. The fact that they use the benefit to 
buy extra transport in no way invalidates the use of 
potential transport savings aS a minimum measure of 

the benefit. It does mean, however, that in quanti- 
fying the savings, one must be careful not to include 
the extra travel as a cost*. 


DISTRIBUTION OF COST SAVING 


As indicated in Section 7.2, it would be desirable, to 
Supplement information on average cost savings by in- 
formation on the distribution of these savings through- 
out the population. This is succeptable to quantita- 
tive analysis, but since practicaly none of this type 
of analysis has been done in Canada, we have been 
unable to give any consistent information concerning 
the distribution of savings. Where some hints are 
available from U.S. work, these will be mentioned. It 
would be an important and productive area for research. 


The indicator of the distribution of cost saving could 
be some simplified distribution function. The simp- 
lest and most dramatic would possibly be simply the 
number of people who are moved above the poverty line. 


see also report sections 11.3.3 where this subject is 
developed further. 
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SOCIAL INDICATORS 


This chapter explores briefly the usefulness of social 
indicators and describes how they are used in this project 

as indicators of the degree of achievement of human goals. 

The following headings identify the social indicators employed: 
9.1 SOCIAL INDICATORS 

9.2 UNPAID TRAVEL TIME SAVING 

9.3 ACCESSIBILITY INDEX AND RATIO 


9.4 INCREASED LIFE EXPECTANCY 
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The use of transport savings as an indication of in- 
creased real income, and, therefore, as a measure of 
benefits or improved efficiency, accounts for only one 
part Of the etfect Of transport changes ‘upon urban 
efficiency. It is recognized on Figure 7fl, that eco- 
nomic indicators are useful only to measure progress 
toward two of the goals and that social indicators are 
required for five goals. 


Significant philosophical and politican issues are 
involved in the selection and use of social goals and 
social indicators in technical work. Welfare economics* 
is comfortable for the technical person because con- 
flicting goals are resolved in the least common denomi- 
MauLor OL OOltetSeusiig) Lie CapLtalistrce principle” ‘a~ 
DUCK SeeeouCck — | scOclal InULCators point, to a very 
different principle for resolving goal conflicts - the 
political and democratic ideal of "one-man-one-vote". 


There is indeed a basic conflict here which we describe as 
between the democratic principle (one-man-one-vote) 
auemene capri alist ec principle (a=buck-1s<a-buck). The 
use of social indicators does not resolve this conflict, 
but it does recognize it, and, as the techniques im- 
prove, will hopefully provide the information so that 
decision makers will be better able to resolve the 
conflict in real life situations where many non-econo- 

mic considerations must be weighed in taking decisions. 


The renewed interest in social indicators is largely 
related to disillusionment with national income growth 
es ine sind: cator Of the success of national. ipolacy: 
The persistence of a hard core of poverty in spite of 
the impressive increase of national products; flagrant 
abuse of common resources, such as pure air or water, 
existing social tensions, fundamental and unresolved 
choices facing the society because of rapid changes of 
environment due to scientific progress, are but a few 
problems in the broad spectrum Of issues with which 
governments must deal and which overshadow the problem 
of increasing the growth rates**. 


* see report Section 6.2 and Appendix C for a further dis- 
cussion of Welfare Economics 


‘ole Pre-occupation with growth is also attacked by some 
prominent welfare economists, such as Mishan in his book 
What Price Economic Growth?, while the conflict between 
maximizing present welfare versus growth is’ receiving 
considerable attention. 
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There is, at the present time, a growing awareness and 
interest in the development of social indicators or 
other means for improving our ability of measuring the 
degree of achievement of various human goals *. In 
Spite of the impressive literature on the subject, 

and fruitful inter-disciplinary cooperation inherent 
in this approach, the development of meaningful social 
indicators is quite embryonic. 


Table 9tl, reproduced. from {Social Indicators’) (24ayy 
lists the number of indicators thought to be relevant 
(not necessarily adequate) to the measurement of pro- 
gress toward the social goals defined by the 1960 
(U.S.) President's Commission on National Goals. 

Worth stressing is the fact that in the area of "liv- 
ing conditions", which is particularly relevant to this 
study, no relevant indicator is available for the major- 
ity of the specific goals. Furthermore, as noted by 
Bauer (24), "the criterion of relevancy is very loose 
indeed. It is, therefore, conservative to say that in 
4 out of 10 goals or the list of the President's Com= 
mission, we would not even find data to wonder. about". 


* Some of the most pertinent items in the growing liter- 
ature on the subject are: U.S. Department of Health, 
Education and Welfare Toward a Social Report (9), a 
collection of papers on Social Indicators arising from 
the U.S. Space Administration (23), and Morris Hill's 
Goals Achivement Matrix for Evaluating Alternative — 
Plans (24). Furthermore, in the United States, massive 
research programmes to the extent of $70 mil. p.a. are 
being proposed (8,p.363) 
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AVAILABILITY OF INDICATORS RELEVANT TO NATIONAL GOALS 
FORMULATED BY PRESIDENT'S COMMISSION * 


Number of 


Number of 


Goals to Goals to 
Number of Which some Which no 
Specific Indicator Indicator is 
Goal Areas Goals is Relevant Relevant 
ale f —_}—__-—_—— 


The individual 
Equality 
Democratic process 
Education 

Arts and Sciences 
Democratic economy 
Economic Growth 
Technological change 
Agriculture 

Living Conditions 
Health and Welfare 


be 


© © Ut OT KONO Co Ol "Couey 
OOorrnroUUO VDE Ww 


RH 
is be 
0 ONBRFPUOUNUUNW 


© 
= 


TOTAL 


* In Statistical Abstract of the United States (52). 


Given the present state of the art, it is not possible 
to express the efficiency of urban areas in terms of 
any generally accepted social indicator or set of indi- 
cators. In Chapter 7, a goals matrix is developed and 
possible social indicators discussed to measure the 
degree of achievement. Only four indicators are Sug™ 
gested there, which, with the two economic indicators 
gives a total of six. This appears a small number, 
compared with the dozens suggested by some literature. 
We argue as follows, however,: 


(1), We are seeking only indicators of the effect 
of transport changes upon goal achievements and 


(2) If six schemes, as an example, are to be 
assessed by six indicators, then the person 
seeking to use this information to forma | 
judgement is faced by a matrix 6 x 6 which is 
about aS much as a person can comprehend. 
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The number of social indicators has, thus, been kept to 
the following minimum: 


- Unpaid travel time saving 

- Accessibility 

- Life expectancy 

- Qualitative description of environment 


“ee: UNPAID TRAVEL TIME SAVING 


Five categories of time are given in Section 4.3.5, 
namely: 


- Emergency time 

- Paid time 

- Unpaid & wasted time 

- Unpaid, but useful time 
- Fun time 


Although, we would have liked to use such a breakdown 
consistantly, unfortunately, the necessary information 
is not available to do this. Thus, for’ purposes’ of 
evaluation on this project, it has been found most 
practical to use only two categories of time: paid 
time and unpaid time. 


The.paid time” involvediian urban. transport 12 
evaluated in monetary terms. The time of the 
drivers of commercial vehicles, including emer- 
gency vehicles is, therefore, calculated in the 
analysis and multiplied by the average wage rate. 
Any reductions in this amount are, thus, shown 

in the economic indicator “transport cost saving". 


All other time, namely the later three categories 
above, is grouped together in the one category of 
unpaid, time», Since, 1 t.4s; usually desirable 
have the minimum amount of unpaid time consumed in 
transport, therefore, unpaid travel time saving, 
expressed in man hours per year, becomes a social 
indicator. 


The time of drivers of emergency vehicles, has been 
taken in the analysis as part of the general category 
of paid time. Since the time of emergency vehicles is 
a very small proportion of the total - less than 1% of 
the total time and much less than 10% of the. totelepara 
time - the error introduced by the simplifying assum- 
ption is small and is conservative. 


There has been great debate in the literature over the 
value to place upon unpaid time. Separation into the 

above categories might be helpful. The value to place 
on fun time should certainly be zero because the users 
would consider it a benefit to take more time. Fun 
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time, however, is probably less than 10% of the total 
social-recreational trip time and is probably less than 

% of the total time used in urban transport. The 
error introduced by lumping it together with other un- 
paid time is quite small. For both wasted and useful 
time, however, there is evidence from. toll road studies 
for example, that people will pay more for the higher 
quality shorter time trip. Thus, various imput time 
values have been calculated by various investigators 
and agencies. We argue that savings in unpaid time are 
clearly not economic benefits in the same category as 
Saving in food and wages. By quantifying the unpaid 
time in man-hours as a social indicator, it becomes 
possible for any user of the results to quickly convert 
this into 'dollars if he so chooses and at the rate he 
thinks appropriate. 


The distinction between unpaid useful time and unpaid 
wasted timeis a significant distinction, which it would 
be desirable to be able to quantify. Unfortunately, 
there is no simple way available for doing this. One 
complication is that the difference is really a range 
rather than two discrete categories. The best that can 
be done under the circumstances is to estimate and des- 
cribe the item when it is of consequence. This might 
occur for example, with some new transport technology. 


ACCESSIBILITY INDEX AND RATIO 


Time and accessiblity, as discussed in Section 7.4, are 
both indicators of the degree of achievement of the 
social.goal of. “vocation” which involves work, .educa- 
tion and other opportunities for achieving personal ful- 
fillment. 


Accessibility is conceived as an index of the number of 
opportunities or people who are within a convenient 
range of the location for which the accessibility is 
being evaluated. There have been a number of mathema- 
tical formulations of accessibility. The difference 
between them is not great, but there is no generally 
accepted measure of accessibility. 


For the purposes of this project two measures of acces- 
sibility have been developed. Accessibility index and 
accessibility ratio. Both measures are developed for 
work and non-work purposes by auto mode and transit 
mode - i.e. auto work accessibility; auto non-work 
accessibility; transit work accessibility; and transit 
non-work accessibility. 
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The accessibility index, A, Of an area is defined as 


follows: ) 
A. (Work accessibility index) = Beg % a E,(2 Pe as rh x10 | 
- 42t ~ £2! n=) | 
x P 4 -@ i 
A_ (Non-work accessibility index) -2% = EP: APE Ky P )x10 
2 Maoh DL: St n=] 
where: Pr = total population of the area 
Bh = population within time range n from zone i 
K, = rating constant of time period 
E; = employment of zone i 
P. = population of zone i 
a. = work accessibility for zone i 
as 
a,, = non-work accessibility for zone i 
i 


x = total number of zones in the area, 


The values of n and Ky are as follows: 


Time range 


n from zone i Kn 
(min) 

us 0-20 0.0 

2 20-39 Le 

s 40-59 2s a0 

4 60+ 3-0 


Examination of the above indicates that the maximum 
accessibility index is achieved when the time from all 
zones to all other zones in the area is less than 20 
Minutes (no=*1 and K.°= 0) and is defined by the 
following equations: | 


x 
-6 
A, (Maximum) = Zoe EE; x 10 
t=] 
= 6 
A, (Maximum) = 2. i Pex lo 
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and thes accessippliny ratiovis cdéfined as the ratio of 
the actual accessibility index to the maximum accessi- 
bility index for the purpose and mode under consider- 

ation. 


INCREASED” LIFE EXPECTANCY 


The most practical way of quantifying the effect of 
traffic accidents upon health and survival is probably 
through life expectancy. This approach may be illus- 
trated as follows for Canada as a whole: 


There are approximately 1600 urban traffic fata- 
lities per year in Canada. The average age of the 
persons» fatally: injured in traffic.accidents is 
34.8 years, whereas the average age at death in 
Canada is 60.9 years. Thus’, on the average, traf- 
fic accidents have shortened by 26.1 years the 
LivesPorpthnose tatally injured an them. Since the 
deaths occurring in this way are approximately 1% 
of the total deaths in Canada, then the Canadian 
average age at death might be increased from 60.9 
years to 61.2 years if all urban transportation 
fatalities were eliminated. This example does not 
consider either the effect of traffic injuries 
which are not fatal, or nervous damage caused by 
excessive stress. Neither does it consider the 
Suicides and deaths by heart attack which are 
Counted as traffic fatalities, but which would 
Probably, OCCUur, in Some Other way, ai all trariic 
fatalities were eliminated. 


Of course, it is not possible to eliminate all 
urban traffic: fatalities, but there is ‘a great 
deal that could be done to reduce the rate. 
Transit has a lower fatality rate than automobile 
travel. indeed. practically the only transit tatals= 
“ties are suicides. Grade separations reduce ped- 
estrian fatalities and expressways and freeways 
have a lower accident rate than at-grade facilities. 
If one were to implement all of the improvements 
that have been proposed, with regard to the use of 
transit and the building of grade separations and 
the building of freeways and expressways, then the 
traffic fatality rate might be reduced by about 
30%. This reduction would result in an approximate 
increase of the average age at death from 60.9 years 
to 61.0 years. A similar improvement might be 
achieved be better driver education and stricter 
driver licensing and vehicle inspection, although 
‘there is no data to prove this. 
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CHAPTER 10 


GENERALIZED CITIES AND 


NATIONAL AGGREGATES 


The analytical approach to obtaining national aggregate 
results for Canada has been to represent all Canadian 
cities by three generalized ones. This chapter describes 
the characteristics of these generalized cities. The 
following headings are used: 


10.1 SELECTED GENERALIZED CITIES 
POP Lela Cut va A 
VOM 2 eOLty.B 
Om 35 OLey iC 
10.1.4 Expense Distribution 
10.2 NATIONAL POPULATION AGGREGATES 1966-2001 


10 53 NATIONAL INCOME AND EXPENSE AGGREGATES 1966 
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SEGECTED "GENERALIZED CITIES 

The methodology for the project, as established in the 
contract, requires, that,:al i Canadian icaties will: be 
represented by three generalized cities as follows: 


Present Population 


, (1966) 

Carty VAL am, eat, ET. Sh OS ie 125,000 
65h ip ER A Pe SS te ee or, 500,000 
6S gd Oy aN Np Lae 2,000,000 


City "A" is representative of about 38 Canadian cities: 
Between 25 and 300 thousand in population. The charac- 
teristics of City A have been derived by giving parti- 
cular attention to the following metropolitan areas: 


WECCHGROTA ., Wavsrelei ess at's 19:2 theusand .l966 population 
Sa Sha COOM Hoe ese a pA ! " " 
THUNA SCM May ates ete OG " . " 


For the purposes of national agglomeration, the popu- 
lations of some 71 cities, each containing between 10 
and 25 thousand inhabitants, have been added to that 
of the 38 cities. This resulted in a 39% increase in 
the population of that, group...-As »shown, in Table 10t3, 
32 Type A cities are required to simulate Canadian 
1966 Conditions. 


The characteristics of City A and the travel that takes 
place in it have been selected as representative of the 
average present conditions for cities in the 25,000 to 
300,000 population range. City A has a good system of 
arterial streets and a few miles of a new freeway. ‘ 
There is some congestion on the downtown arterials for 
about 20 minutes in each rush. hour. A city owned bus 
line struggles to keep the deficit down while giving 
minimum service. The present per capita income in 

City A is $1,950 per year. Approximately 14% of this 
income 1s.used. for shelter-andsalotesovanrban transport- 
ation. The population, transport, income and expense 
characteristics of City A are summarized on Tables 10tl 
and 10t2. The outline of the zones and the transport 
network for analysis are shown on drawing A-10. 
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City B represents 7 Canadian cities of between 300 
thousand and 1 million population in 1966. The charac-— 
teristics of City B have been derived by giving parti- — 
cular attention to the following metropolitan areas: 


Winnipeg ........... 509 thousand 1966 population 
Hamy DCOMA eee l. ie cao 2 " 
EAMONN CON oy swears ae aI 4 ee " 


City B has aiwell developed arterial street system and 
some 15 miles of freeways, largely located within or 
just outside the suburban fringes of the city. The 
automobile is the dominant mode of person transport, 
although there is a reasonably good bus system, parti- 
cularly throughout the more dense central part of the 
Clty. (City Bicontains awe developed central busi- 
ness district of about 2.2 square miles with a popula- 
tion density of about 25 thousand per square mile. 


The overall density is substantially higher than in 
City A, which is due partly to the dense central core 
and partly to the suburbs being somewhat more dense 
Chan anecley eA. 


The present per capita income in City B is $2,000 per 
year. Approximately 14% of this income is used for 
Shelter and 21% for urban transportation. The popula- 
tion, transport, income and expense characteristics oe 
City B are shown on Tables 10tl and 10t2. The outline 
of the zones and the transport network for analysis are 
Shown on drawing B-10. 


CLEVUC 


City C represents the two major Canadian cities with a 


“population greater than one million inhabitants, namely: 


MOREL CQL sic snm we slee 2244 Mi LOneT OGG population 
POLCGUT Om sist ts ee steer eee G + " " 


In Table 10t2, it will be observed that we take 2.3 
cities of the City C type with a total population of 
4.6 million, so that a rounded population of 2 million 
may be used with some consideration also to the fact 
that Vancouver is intermediate in size between City, B 
and ‘Citye. 


This largest generalized city has a very well developed 
arterial street system and a well developed freeway 
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system, serving principally the suburbs and the fringe 
area beyond the suburbs. Note from Table 10tl1, that 
the per capita expenditures on motor vehicle operation 
are L@ss than aneelty A Or Bl. This is probably direct— 
ly attributable to the increased expenditures on urban 
transit, because City C has a well developed, separate 
right-of-way, mass transit system, in addition to a 
well developed bus transit system operating in the 
streets. City C has a large well developed dense 
central district, with an area of 24.3 square miles 
and an average population density of 35,500 people per 
Square mile. Largely because of the central core 
density, the overall density of City C is 9,300 people 
per square mile, which is higher than either of the 
other generalized cites. The density of the zone be- 
tween the central district and the suburbs is much the 
Same in City C as it is in Cities A and B. The sub- 
urbs themselves have low densities, intermediate be- 
tween City A and City B. 


The present per capita income in City C is $2,050 per 
Year... Approximauely Lye 7orLtnis aicome Tsrused Tor 
shelter and 30% for urban transportation. Further 
details of the population, transport, income and ex- 
pense characteristics of City C are shown on Tables 
hObPoand 10t2.  oDuawing-C-10 shows jthe outdine of 
zones and the transport network for analysis. 
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TABLE 10t1 


CHARACTERISTICS OF GENERALIZED CITIES IN 1966 
CHARACTER tS) ke eee ee 


City A i CITY B Clty C 
125,000 METRO INHABITANTS | 500,000 METRO INHABITANTS 2,000,000 METRO INHABITANTS 


URBANIZED AREA _* METRO URBANI ZED AREA | METRO URBANI ZED AREA METRO 
CENTRAL CITY _} SUBURBS } TOTAL AREA CENTRAL __—SCITY__| SUBURBS | TOTAL AREA CENTRAL CITY {SUBURBS | TOTAL AREA 


Over Over 10,000 
| ,000 20 , 000 to 
20, 000 


Over 10,000 Over 
to t | ,000 
20,000 


POPULATION DENSITY RANGES 
in Persons Per Square Mile 
(gross) 


URBAN STRUCTURE 
Average Population Density — 


Persons per square mile 25,000 
Urbanized Area in square miles 2.2 

Single Family Dwellings * (number) 7,350 
Multiple Family Dwellings * (number) 8,500 
Dwelling Units With Cars * (number) 8, 400 


TRANSPORT 
Autos per Capita 


Person Trips per Capita per day 
by Transit 


Person Trips per Capita per day 
by Auto 


Arterial Grade Street Miles per 
100,000 persons 


Freeway Miles per 100,000 persons 
Average auto trip length 
Average transit trip length 


Average Commercial vehicle trip |ength 


4,300 | 9,300 
150.9 203 
103,750 |170,200 
60,450 
132,800 


* “Urbanized Area" is that’ with a population density of over 1,009 
per square mile and "Metropolitan Area" is the larger zone de- 
fined by the limits of the political units which are part of the 
metropolitan region. 


- See Table 13t9 for similar information for 2001. 
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TABLE 1LOt2 
GENERALIZED CITIES IN 1966 


PER CAPITA INCOME AND EXPENSE 


CITY A | CITY B | CITY on CANADA 
METRO AREA (1) METRO AREA | METRO AREA NATIONAL 
125,000 500,000 ; 2,000,000 


TOTAL PERSON (4) 
TRANSPORT EXPENSE oe 


INHABITANTS a [INHABITANTS | INHABITANTS _ 
a =. Bae yr! % S per S i$ per yr, 
4 dager Soa Oe 
iB Income (salar- | | | | 
ies & wages) _—*{2,950_ | :100 100) 270500... 
Prueb. Light, i cat iia ie is 
Water 60 | a cero 
{ ( 
| Other shelter 210 | 
| TOTAL SHELTER 
2 EXPENSE (6) st. 270 Fad oo SA 
or aha watered fit Fes 
| Auto purchase 105 114 
pete operation 101 | | 96 
| Urban transit LZ | | 20 
Other urban | | 
travel (2) 8 | 9 


For Hire Truck- 


ing | 
Household Goods 
AIOE wee Gs, ere 9 371s ‘a8 
SS iB as ies EPH YO OE We 
TRANSPORT (3) 364 | mi Eales: 


Private Trucking 
Moving & Storage 
TOTAL GOODS 
TRANSPORT COSTS (5) 
“ACCESS ROADS _ 
TOTAL URBAN 
ne ES TO TABLE 10t2 
) See Table 10t1 for definition of “Metropolitan Area". 
ncludes the capital and operation costs of taxis, rented cars, motorcycles and scooters. 


) Other urban travel i 


) “TOTAL URBAN TRANSPORT" excludes inter-city transport although part of urban 
and personal expenses also include a substantial inter-city transport elemen 


ent in the cost of manufactured goods. 


Total urban transport also excludes the following: tow trucks, ambulances, service 
repair, farm tractors, construction equipment and government owned vehicles. 


) Person transport costs are based on the DBS 1964 Survey of Urban Family Fxpenditures (62-527) and the N. 
Ltd., ll City Study. The 1964 data were updated to 1966 by applying an increase of 17.5% derived from 


Post Survey of Markets. 


5) Tne estimate oO 
For hire trucking is 


is expanded from 2.5 billion in 1964. to 2.7 in 1966 and at $1 per vehicle mile gives $2.7 billions. 
estimated at $0.4 billions applying some judgement to the conflicting figures and 


of 13 millions is used to give the national Ste capita figure. This includes vil 
Goods transport costs are distributed between citie 


6) Shelter expense information from DBS Survey of Family Expenditures. 


. See Table 13t5 for similar information for 2001. 


income is used for inter-city travel. Household 
t because of the inter- city transport cost compon- 


vehicles such as for hydro and telephone 


D. Lea & Associates 
the 1968/69 Financial 
Private urban trucking mileage 


estimating about 50% urban. A population 
lages down to about 4,000. Smaller places 
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10.1.4 Expense Distribution 


10.2 


some: comment is in order concerning the expense dis- 
tribution shown on Table 10t2. The urban goods trans- 
port costs shown as 6% and 9% and 18% of income for 
cities A, B, C, respectively. This does not mean that 
the inhabitants of City C spent 183 of their income 
directly on urban goods movements. Rather, it means 
that the total urban goods movements costs for goods 
moved in City C is 18% of the income of inhabitants 
of*City C. Some  of*this expense may become part of 
the cost of manufactured articles which are purchased 
and paid for by users in the rest of the nation. Con- 
versely, the inhabitants of City A may indirectly spend 
more than 6% of their income on urban goods movements. 
Inter-city goods movements costs, if they were allo- 
cated reasonably to end consumers, would show as a 
greater proportion of the income of City A inhabitants 
than of City C inhabitants. For these two reasons, 
although Table 10t2 is believed to show a true distri- 
bution of total per capita goods costs by City. type jn 
may be considered to distort, or show incompletely, 
the’ distribution of goods transport cost as a percent- 
age of income. 


NATIONAL POPULATION AGGREGATES 1966-2001 
neni 


Table 10t3 summarizes the national population aggregates 
for the years 1966 and 2001. The method of developing 
the statistics for the year 1966 have been outlined in 
Section 10.1 and indicated on tables 2t3 and 2t4. 


The forecasts of the populations for the yearn, 2001 

have been developed by a combination of procedures. 
First, the overall population of the nation, and the 
Split into urban and rural, are derived from several 
basic reference sources*. Then the cities, ,namely7Guey 
A, B and C, are based upon population projections for 
Several real cities corresponding to each representa- 
tive one. Thus, the number of cities of each type in 
2001 is the same as in 1966. But the average popula- 
tion has increased by factors of 2.32, 2.44 and cee 


A small error is introduced because no allowance has 
been made for an increased number of cities of Type A. 
In fact, the benefits which may be achieved through 


* 


These sources include references (41) , €42}mandietAs da 
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efficiency in Type A cities, will be principally in 
the larger cities of Type A. Therefore, the ommission 
of the newer and smaller cities of Type A in the year 
2001 creates a very slight under-counting of the bene- 
fits. These new small type A cities are included in 
the rural popw] aticnyin: 2001 ,.. which:iS,cthereby;,, some- 
what inflated. 


If major new cities were created, as a result of major 
policy changes being imposed, rather than the natural 
growth trends being allowed to occur, then a condition 
different from that which is being analyzed in this 
report would be created. 


NATIONAL INCOME AND EXPENSE AGGREGATES 1966 


For the 12 million urban population of Canada in 1966, 
income and selected expense items are estimated as 
follows: 


- The total income from salaries and wages is 
S2,000mper capita for artotak oft-S24-billiom 


- It is estimated that the expenditures on car 
purchases and car operations increased 17.5% 
from those given in the D.B.S. survey of family 
expenditures (19), chiefly as a result of price 
increases between 1964 and 1966. This resulted 
in the following estimated expenditures: 


- for automobile purchases: 


S100 per capita for a-totahisofiss1.2 billion, 


- for car operations: 


S93 per cepita fom a total<of)$1)..1 bildion, 


- From the N. D. Lea 11 City, Study'urban' transit 
expenses are estimated at $15 per capita for a 
total of S80 hilfiorn, 


~ Other person transport expenses are estimated at 
S51 pen Capita for altotal of “Soo million, 


- The total expenses for urban transport of people 
are estimated at $216 per capita for a total of 
S240 billion. 


The costs of transporting goods have been divided into 
several items as described in Table 10t2. 


~ Common and contract carriers revenue is about 
$400 million, 
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- private urban trucking revenue as described 
also in the footnotes to Table 10t2 is a total 
expense of $2.7 billion, 


- an allowance of $3 per capita for moving and 
storage of household goods amounts to $36 
milton. 


- the total expense is, thus, about $3.1 billion. 


Since the fuel and licensing fees for motor vehicles 
are about equivalent in total to the public expense 

for the construction and maintenance of roads, the 
assumption is made that the above costs include the 
costs of highways and roads and that no additional pro- 
vision needs to be made for this purpose. Local access 
streets are paid for ina different fashion. These and 
a few miscellaneous items (notably the expenditures by 
public agencies on urban transport) require the addi- 
ClOn, Of san ctuncner: 


- Approximately $15 per capita for a total of $180 
mil bion. 


The result is an estimated total urban transport expense 
in 1966.0f approximately 2550 ebillion,»wiiten, LOD .2 
million people, is $491 per capita. 
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CHAPTER 11 


ANALYTICAL APPROACH 


This chapter describes the analytical approach which was 
developed for the project. The object of the analysis is to 
quantify the social and economic indicators, established in 
Chapters 8 and 9, and to do so for each condition requiring 
testing as a potential efficiency improvement. The analysis 
inputs and results are discussed in general terms in this 
chapter, but are presented in more detail in Chapters 12 and 
vel 


The section headings are: 
ahaha NEUTRAL PATH 
11.2 TIME STREAM - CAPITAL CHARGE 
Piss INPUTS 
L.3.L Population 
11.3.2: Personal Income 
11.3.3 Land Use Patterns 
11.3.4 Governmental Decisions 
11.3.5 Transport Demand 
11.3.6 Transport Facilities 
11.4  oUTPUTS 
11.4.1 Transport Patterns 
11.4.2 Economic Indicators 
Ie 4. 5.) SOCLaLM Indicators 
y Kea es) MODEL SELECTION AND FUNCTION 
11.6 MODEL CALIBRATION AND CHECKS 


ey MODEL RUNS 
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NEUTRAL PATH 


It is not possible to make a meaningful absolute eval- 
uation of efficiency, but only of changes in efficien- 
cy, or of efficiency with respect to some base con- 
dition. Therefore, an important first step is the 
selection of the base condition or the neutral path, 
against which benefits or improvements will be measur- 
ed. We prefer the term ‘neutral path' because it is 
not a one-point-in-time condition, but rather a path 
into the future which may be considered 'neutral' be- 
cause departures from it are evaluated as benefits or 
disbenefits. The neutral path has been referred to 

by Ramsey, Phelps & McKenzie as the "Golden Path". 


For urban transportation the present conditions are 
one of the principal determinants of the near future. 


The large urban investments in buildings and facili- 
ties create substantial resistance to any change. 
These existing conditions, therefore, enter the 
analysis as an exogenous and very important element 
which remains a common fixed point both on the neutral 
path and as the present condition for any of the 
schemes which are analyzed as deviations from this 
path. 


In order to define a neutral path all of the sSigni- 
ficant variables or elements must be defined through- 
out the time series. For this project, the time 
series is defined at two points, namely, the present 
1966 and the year 2001. 


TIME SERIES) - CAPITAL CHARGE 


The rational evaluation of costs and benefits or dis- 
benefits, requires the evaluation of time streams of 

money, some of which are comparatively constant from 

year to year, such as, for example, road maintenance 

costs, whereas others of which are very lumpy, as for 
instance, capital investment. There are two methods 

of comparing time streams: 


- conversion to present worths or 
“ecconversiiiom to *anrual tcharges' 


For this project we have selected the annual charge 
method with the end of the period - year 2001 - 
being the year for which the comparison is made. 
This requires that all capital costs be converted to 
annual charges. 


N.D.LEA & ASSOCIATES LTD. 


ANALYTICAL APPROACH lip3 


It is characteristic of all capital investments that 
the investment is made at one point in time. The 
benefit stream begins at that point and continues 
into the future for the lifetime of the investment. 
This is in contrast with maintenance and operating 
expenses where the benefits are received in the same 
year the expense is incurred. Capital investments 
in transport facilities usually have rather long use- 
ful lives. For various purposes lives varying be- 
tween 20 and 100 years are used. The following 
table illustrates the effect, upon the annual charge 
for capital, or various assumptions of useful life: 


TABLE 11tl 
CAPITAL RECOVERY FACTORS 
| ANNUAL CAPITAL CHARGE COVERING 


DEPRECIATION AND INTEREST 
(Capital Recovery Factor) 


LIFE 


83 9% 103 
Interest Interest Interest 


In Canada the opportunity cost of capital is not 

less than 8% to 9%, excluding inflation, and the 
average life of transport works is probably more than 
20 years. Thus, a,.capital, recovery. factor! of 10% as 
a reasonable assumption. 


Since the period being considered is 35 years, which 
is similar to the life of capital investments, and 
Since the annual rate of capital investment will 
generally increase with time, it is adequate to use 
a capital recovery charge in the last year of the 
perjod (2001) which is 10% of the capital invested 
during the period 1966 to 2001. The reason for such 
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a long period and the reason for making comparisons in 
the end year, is that we wish to take a long range 
view without being too constrained by the mistakes of 
the past. The existing conditions are, of course, a 
real ‘constraint upon implementation and are fully 
considered as such. 


The general assumption is made that the time streams of 
operating cost, maintenance cost, and benefits, all 
have a shape similar to the traffic growth curve. This 
is a logarithmic curve with a per capita growth rate of 
about 2.0% per year compounded annually. This assump- 
tion is reasonable because all of these costs are res- 
ponsive to the traffic volume. On the basis of this 
assumption, the end year condition (2001) may be 
analyzed as representative of the whole period and the 
three quartiles will be as follows: 


% of End Year 


Beginning of Period 1966 pik 
lst quartile LORS 61 
2nd quartile 1984 13 
3rd quartile 19913 87 
End of Period 2001 100 


Throughout the evaluation, significant departures 
from this assumption will be identified where they 
accure ? 


2 lees INPUTS 


Table 11t2 gives a summary of the analysis inputs and 
outputs as the analysis was conceived in principal. 
The table indicates how each element is used in the 
analysis and how it is determined for 2001 conditions 
both on the neutral path and for variations from it. 


The input elements are as follows: 
Lino 3ad4-Population 


Population is an input to the analysis. It is deter- 
mined by the usual trend-based projections for the 
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neutral path and is considered to be unchanged for 
deviations from the neutral path. The forecast of 
2001 populations for the three generalized cities is 
described in Chapter 10. It is acceptable to treat 
population as exogenous because the overall growth 
and development of society and the present conditions 
appear to be the dominant elements in determining 
future population. The variation in population as a 
result of variations in other elements, Such as the 
character of the transport system, is believed to be 
small. 


Personal Income 


As described in Section 8.2, a distinction is made 
between monetary and real income. Savings which may 
be achieved in the cost of transportation are, in 
effect, a price decrease which increases real personal 
income. Therefore, the monetary personal income en- 
ters the analysis as an input, which is treated the 
same way as population. It is determined for the 
neutral path by trend analysis and is considered to be 
unchanged for any deviations from the neutral path. 
For 2001 the average per capita income is 

S2;,,000° x 1007S. =.53)79205 


The change in real income is quantified in monetary 
terms as the economic indicator of efficiency changes 
in the transport system. For the neutral path, the > 
real income is assumed to be the same as the monetary 
income. For deviations from the neutral path, how- 
ever, the increases in real income are calculated as 
the savings in transport costs (see section 8.2). 


Land Use Patterns 


Theoretically the most accurate method of forecast- 
ing the total future urban situation'is by dynamic 
interaction between a land use model and a transport 
model. This method has not been used in this project 
for two reasons: 


- firstly, because suitable, proven models are 
not available to do such dynamic simulation 
in a practical period of time (see Appendix 
B) and; 


- secondly, because, even if proven models were 
available, they would not give the proper 
quantification of the variation in real per- 
sonal income, which is the indicator that we 
wish to quantify in this analysis. Instead, 
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TABLE 11t2 


SUMMARY DESCRIPTION OF ANALYSIS METHODOLOGY 


HOW 2001 CONDI- 
TION DETERMINED 


ELEMENT, CONDITION OR VARIABLE USED AS Neutral Deviations 


Path from Neutral 
Path 
1. Population (total only) Trends- 
(see 4 for distribution) | Input Judgement | No change 
i(a) Monetary Input | Trends- 
2«fperensonal,/ Income t. oly ww, vy motcaroy | Judgement | No change 3 
(b) Real Output Same as 
2 (a) 
3. Transport Patterns (Decisions Endo- | By trans- | By transport 
by Shippers and Travellers) | genous port model 
model 
4. Land Use (a) Metropoli- 
Patterns tan and 
(Location Deci- |} Core Input As in 
sions concern- | Density Constant 1966 No change 
ing residential ic shaun o Trg aa a 
and other (b) Grain (i.e. 
users). distribu- As in 
tion) Input 1966 Variable 


5. Governmental Decisions 
(a) Transport Policy Rates 
Regulations, etc. 


Input | Variable 
(b) Transport Capital In- 
vestment in Facilities 
TY tales Trends . 
7. Transport Facilities oh Series Variable 
8. Transport Cost . By model By model 


9. Social Indicators Output By model By model 
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they would simulate the actual consumer deci- 
Sions to use the increased transport effi- 
ciency to buy more travel. They would, thus, 
disguise the efficiency improvements. 


Therefore, although land use models which will simu- 
late residential,commercial and industrial location 
decisions have been studies, as shown in Appendix B, 
the decision has been taken not to use such models 
for this project. 


(a) Metro and Core Densities 


The policy of treating the overall metropolitan den- 
Sity,that is, the dormitory density, and the core 
dormitory density also, as an exogenous constant, is 
established in the terms of reference of the project. 
In making this assumption, we do not imply that den- 
Sities will, in fact, be unaffected by transport deci- 
Sions. Indeed, Appendix A explores the relationship 
between transport and various welfare items, includ- 
ing location. The decision to hold overall density 
constant is necessary as the most practical method of 
calculating the variations of efficiency in terms of 
real income, as a result of variations in government 
decisions regarding transport. 


The necessity ofthis’ assumption is /illustrated by 
considering the effect of an alternative assumption: 


"for the neutral path and for each deviation from 
from the neutral path, the real life location 
decisions are simulated by some super land use 
model". 


If this assumption were used to evaluate, for example, 
the effect of constructing a network of super highways 
which permit uncongested traffic to travel at 100 
miles per hour, then consider the result. Because of 
the improved transport system some people would move 
farther away from the city centre, thereby increasing 
the size of the city, decreasing the overall density, 
and increasing the amount and the cost of the travel. 
The people who move and incur greater travel expense 
move only because they consider that they are better- 
ing themselves. This means that they gain benefits 
through lower density living, which they value more 
highly than the additional cost they incur through 
more travel. This increased travel cost, therefore, 
is not a dis-benefit. Rather, it signals the pre- 
sence of a benefit. In the calculation of total 
travel cost, however, it is positive, which is the 
same Sign as the dis-benefits in the system, for 
example, the dis-benefit of increased congestion. 
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Therefore, the super-land-use-model method of analy- 
Sis adds numerically benefits and dis-benefits and 
gives unacceptable results. 


In order to avoid this problem, it is necessary to 
consider that overall density remains constant ir- 
respective of the transport systems supplied. 


(b) Grain 


While holding the overall population density and land 
use mix constant, it is still possible to have signi- 
Tricdit. LNteluae Valration Ln ACrTLVLGY GlertrtDutLon, 
density pattern or Gcain. Within el larde zone, for 
example, uniform pockets, in the patchwork quilt of 
land use, can vary in size from one lot to one 

Square mile. For the neutral path the 2001 grain is 
held as in 1966, but one of the variations listed is 
ValradtLons i edLatn, 


Governmental Decisions 


Governmental decisions are the major independent 
variable which is introduced exogenously to the ana- 
lysis. The neutral path is the set of governmental 
decisions considered to be most likely. For devia- 
tions from the neutral path, a variety of combina- 
tions of possible governmental decisions concerning 
such matters as pricing, new technology application, 
pattern and spacing of roads, transit operations, and 
the like are assumed and tested. 


Transport Demand 


Transport demand is expressed in terms of a series of 
origin-destination matrices which are developed by 
trend analysis for the neutral path, using the input 
land use information. Transport demand is held con- 
stant for all variations from the neutral path. 


Transport Facilities 


The anticipated neutral path network of transport 
facilities is the present network plus the additions 
which can be anticipated in the next 35 years as a 
result of a continuation of current investment poli- 
cies and practices. This is one item on which varia- 
tions from the neutral path are tested. 
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11.4 OUTPUTS 
11.4.1 Transport Patterns 


In real life, land use patterns and transport patterns 
are in dynamic inter-action. Transport models simu- 
late the transport decisions of shippers and travel- 
lers which are dependent upon land use. Land use 
models simulate location decisions which depend upon 
transport patterns and facilities. 


For this project, as described in Section 11.3.3, the 
land use is an input. A transport model may, there- 
fore, be used to calculate the transport flow and 
patterns based upon the given land use and transport 
demand information. The transport flows are also 
dependent upon transport facilities and governmental 
policies and, therefore, they will need to be calcu- 
lated by the model for each set of conditions. 


Transport flows as such are not a directly useful out- 
put, but they are developed endogenously and used to 
calculate the meaningful economic and social indica- 
tors. 


11.4.2 Economic Indicators 


Total transport cost is the principal output which is 
required of the transport model for calculation of 

the principal economic indicator increase in real in- 
come. All elements of cost must be included: capital, 
Maintenance and operating for the ways and the vehicles 
for all modes. Costs are brought to annual charges 

for 2001 as explained in Section 11.2. 


11.4.3 Social Indicators 


Time, accessibility and survival are the selected 
social indicators, as discussed in Chapter 9. These 
would ideally be direct output from a transport model. 
This has been practical only in the case of unpaid © 
time and accessibility. Estimates have been required 
for life expectancy. 


tH eryy MODEL SELECTION AND FUNCTION 


Appendix D describes in some detail how the TRANS 
model has been selected and modified for use on this 
project. TRANS, as modified for this project, accepts 
the grographic and demographic input information, cal- 
culates traffic flows and then calculates transport 
costs and times. 
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The model was first run for 1966 conditions for cali- 
bration purposes. Then four runs were made for 2001 
conditions as described in section 11.7. 


It should be made clear that although the TRANS model 
runs were the backbone of the analytical work, they 
are really only one part of the analysis. Many sub- 
stantial subsidiary analyses were carried out, both 
manually and by computer, on particular outputs of 
the project. The most useful function of the TRANS 
analysis was probably in the supply of a great deal 
of detailled information about the neutral path which 
was, thereafter, available for innumerable subsidiary 
analyses. 


11.6 MODEL CALIBRATION AND CHECKS 


The TRANS model was run for the three present gener- 
alized cities and some calibration adjustments were 
made in consideration of traffic flow information 
from actual cities. 


The cost outputs were checked against DBS data. Table 
11t3 shows the comparison between transport cost esti- 


mates derived from DBS data and the estimates obtained 
from the TRANS model: 


TABLE 11t3 


ANNUAL PER CAPITA URBAN TRANSPORT COSTS 


in dollars (1966) 


PRESENT PRESENT 
CITY A CITY; B 


PRESENT 


NATIONAL 
AVERAGE 


234 254 
242 284 


476 538 


Persons 
Transport 


Goods 
Transport 


wea 
RANSPORT 3D 


NOTE: DBS data is from table 10t2 and TRANS data 
is from the computer printouts. 
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It is evident that there is reasonably good agreement 
between the DBS data and the TRANS results. TRANS 
costs tend to be higher, particularly for City C and 
for goods. It is suggested that this difference is due 
mostly to the fact that the DBS data does not include 
the costs of either government owned trucks or service 
trucks, which, especially in the larger urban areas, 
comprise a significant proportion of the total non- 
passenger vehicle transport. 


Another check was made on average trip lengths. The 
TRANS results for the neutral path are as follows: 


TABLE 11t4 


AVERAGE TRIP LENGTHS IN MILES 


CrTyes CITY A 


fe: Pe 


b1.7 


The average calculated trip lengths as shown on Table 
11t4 for 1966 were compared with empirical data. The 
agreement was within 10%. The future trip lengths for 
City C were thought to be rather high but on careful 
checking with work in both Toronto and Chicago, we have 
concluded that they are in reasonable accord with the 
best currently available information. 


MODEL RUNS 


The TRANS model as calibrated for this project was run 
four times for 2001 conditions. Table 11t5 gives an 
outline description of these four runs and of how each 
of the main transport system elements was treated in 
each of the four runs. 
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This Table 11t5 identifies the major transport system 
elements which are the items that we change in seeking 
to improve efficiency. For each of these elements, 
the table indicates: 


how the 2001 neutral path condition was deter- 
mined. 


the procedures followed in selecting the 2001 
characteristics. Whether this be by trend or 
Ssub-study is shown by Column 2 or 3. 


for each model run whether each element was input 
in its neutral path or optimized condition. 


for each condition, how the social and economic 
indicators were calculated, whether through model 
run or sub-study. 
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TABLE 11t5 


SUMMARY OF MODEL RUNS AND SUB-STUDIES 
Ee ee TUDES 


TRANSPORTATION 
SYSTEM ELEMENTS 


iepeeies 
ACCESS ROADS 
yLncchandcombehins etiad beh Evade 
Optimization : 
Neutral Path i 


ARTERIALS & FREEWAYS 
Optimization 
Neutral Path 


DESCRIPTION OF 

THE NEUTRAL PATH 
Present conditions 
prevail 


ea 
p MODEL RUN NUMBER 
Ww 


TREND 
SUB- 


Additions recom- 
mended for 1980s 
are achieved by 2001 


TRAFFIC OPERATIONS 
Optimization 
Neutral Path 


Present trends are 
followed 


Per capita transit 
trips are un- 
changed 


TRANSIT OPERATIONS 
Niche ty eae oe 

Optimization 
Neutral Path 


i | 

GRAIN There will be no 
Coarse (concentration) Change in grain 
Fine (Scatterization) from existing 

Neutral Path conditions 
TRUCKING Present trends 

Optimization are. followed 

Neutral Path z= x 


PRICING vay 
Optimization 
Neutral Path 


Assume present 
practices are 
followed 


No new 
technology 
As present 


NEW_ TECHNOLOGY 
Improved bus - optimum 
Moving sidewalk- optimum 
Programmed modules-optimum 
Neutral Path 


eRe 
h- 


CORRIDORS 
Optimization 
Neutral Path 


No corridors 


LEGEND 


i - the inputs to the model runs were for the condition described 
On the left. 

0 - characteristics describing this condition of the element were 

selected by methoa Shown at head of column. j| 


- social and economic indicators were calculated by the method 
—_ Shown at +the head 


* 
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Run #1 


Run #1 was for all three Cities A, B and C and was 


made to define the 2001 neutral path condition, i.e., 
the condition against which changes would be measured. 


Run #2 

Run #2 was for the condition of optimum arterial and 
freeway Spacing which condition was determined by a 

major SsubSidiary analysis. 

Run #2 was for City B only. The same proportionate 

changes were subsequently applied to Cities A and C. 
Run #3 

Run #3 quantified the effects of both fine grain and 


optimum traffic operations. Run #3 was for City B 
only. 


Run #4 


Run #4 qualified the effects of an optimum programmed 


module system in City B. 
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CHAPTER 12 


ANALYSIS INPUTS 


This chapter discusses and presents the detailled input data 
which was used for the analysis. The sectional headings are: 


ete 
LZ sre 
ei 
12.4 


LZ 


LAND USE PATTERNS (Population & Employment) 
TRANSPORTATION FACILITIES 

TRANSPORT DEMAND (Trip Generation) 

COSTING 


OPTIMUM CONDITIONS 


N. 0. LEA & ASSOCIATES LTD. 
SN EU oie Nore ee ee el ape 


12.1 LAND USE PATTERNS (Population & Employment) | 


The topographic features of the three generalized 
cities are shown on drawings Al0, B10 and Clo. 

These were derived by an amalgamation of topographic 
features of real Canadian cities. The analytical 
zones are also shown on drawings Al0, B10 and Cl0. 


The land use patterns can most easily be quantified 
as population and employment statistics by zone. 

This is done on tables Etl, Et2 and Et3 (Appendix E), 
for present (1966) conditions. These statistics were 
developed to represent present conditions in real 
Canadian cities. 


For the future, as discussed in section 11.3.3, there 
will be no change in the overall city density and in 

the overall land use mix and in the Central Business 

District density. This is illustrated by the sketch 

shown below: | 


FIGURE 12f1 


CITY 
CITY 


PRESENT 
FUTURE 


DIAGRAM OF DENSITY VARIATIONS A 


Thus, any particular zone will increase in density, 
depending on its distance from the CBD, but the mix 
of land use in the zone will remain similar to the 
present. Peripheral analysis zones are made suffi- 
ciently large to contain the boundary of the urban- 
ized region both in 1966 and in 2001. The resulting 
new populations and employments by zone for 2001 are 
shown on tables Et4, Et5 and Et6 (Appendix E). 


A summary of the characteristics of the generalized 
cities is shown on table 10tl for 1966 conditions and 
on table 13t4 for 2001 conditions. 
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TRANSPORT FACILITIES 


The transport facilities of the generalized cities are 
shown in red on drawings Al0O, B10 and C10, in terms of 
link-node networks. The drawings show both existing 
and proposed future facilities for each city. The 
characteristics of each transport link are described 
in, Tables, Et/, Hug candebecy = 


For City B, networks were defined for four alternative 
year 2001 configurations: (a) Neutral Path, (b) Fine 
Grain & Optimized Traffic Operations, (c) Programmed 
Module Transit System, and (d) Optimized Arterial and 
Freeway Spacing, which required a number of extra 
facilities. The detailled characteristics of these 
links are shown on table Ets8. 


For cities A and C a future (Neutral Path) network 
was drawn up, but only functional classifications 
(arterial or freeway) were defined since detailled 
model runs were not performed for these 2001 cities. 
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TRANSPORT DEMAND (Trip Generation) 


Trip generations and attractions were related to the 
demographic data by zone, i.e., to population and 
employment. The resulting traffic flows were cali- 
brated against present conditions. 


The steps followed in estimating 1966 trip ends were 
briefly as follows: 


(a) Person Trips 


1. Estimate 24 hour total trip generation by 
zone. 

2. Split to peak and off-peak. 

3.  Apportion by work and non-work purposes for 
peak and off-peak. 

4. Allocate to auto and transit modes for peak 
and off-peak. 

5. Estimate external trips and allocate to ex- 
ternal zones in proportion to auto trip 
counts on connecting road links. 


(b)~—sTrucke Trips 


1. Estimate total truck trips by zone. 

2. Allocate to residential land on basis of 
population; to commercial, industrial and 
other land uses on basis of employment. 

3. Split to peak and off-peak. 

4. -Spliteby lightsand heavy "trucks and convert 
to tons ofsgoodss 

5. Estimate external trips and allocate to ex- 
ternal zones in proportion to truck counts 
on connecting road links. 


The relationships used to make these calculations were 
derived from observed data obtained from various sources 
in Canada and the U.S.A. The present trip productions 
and attractions were developed by "commodity". Tables 
Etl0. andrEtlliTlustratecthis ‘information for City A. 
The values shown in these tables represent half-day 
trips. To simplify data processing, only one direc- 
tion of each trip was simulated, and it was assumed 
that over a 24-hour period, each such trip would be 
matched by a return trip in the opposite direction. 
Thus, the calculated measures of system time, cost, 
etc., were doubled, to obtain an estimate for the whole 
day. 
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The "commodities" were distributed using a simple gra- 
vity model formulation with an empirically derived 
travel factor function, then assigned to the transport 
network so as to minimize origin-destination perceived 
costs. 


12.4 COSTING 


Throughout this report, all costs are expressed in 
1969 dollars. Prices, including crew wages, are con- 
Sidered to remain unchanged from 1966. 


Vehicle operating costs are divided into three com- 
ponents: 


- crew wages 
- fixed costs 
- variable costs 


For trucks and surface transit the crew wages are 
taken at $4.00 per hour. This rate applies to all 
hours but the time is Separated into travel time, 
which is affected by speed, and pick-up-and-delivery 
time which is affected only by the efficiency of the 
P & D operation. Crew wages are taken as zero for 
autos. 


Fixed costs are considered to be only terminal con- 
struction-¢ostsnforsegucking! Gnd transit. For auto, 
however, depreciation, insurance and licensing are 
considered fixed costs. 


For variations from the neutral path certain cost 
elements are considered variable whereas others are 
fixed. In general, these have been adopted as follows: 


For Trucking: - all vehicle operating costs includ- 
ing depreciation and overhead are variable; crew, 
depreciation and overhead costs are considered 
variable with operating truck hours and mainten- 
ance, fuel and tire costs are considered variable 
with truck miles. 


For Transit: - vehicle depreciation and overhead 
costs are considered variable with the peak hour 
traffic volume carried; and crew, vehicle main- 
tenance and operating costs variable with the 
vehicle miles. 


For Auto: - depreciation, insurance and license are 
considered fixed except for possible major changes 
due to new technology. Maintenance, fuel and tire 
costs are considered variable with vehicle miles 
driven. 


| 
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LiZie OPTIMUM CONDITIONS 


For each variation proposed, the optimum conditions 
require some input changes. For example, optimizing 
the spacing of arterials and freeways requires a 
change in the transport network. This optimum con- 
dition input information is considered in Chapters 
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CHAPTER 14 


ANALYSIS RESULTS 


This chapter presents in summary tabular form the results 
of the main analysis. 


The following are the tables: 


14t1 
Ea Ue 
LAG 
14t4 


LAN hee 


Year 2001 - TRANS Model Results for City A 
Year 2001 - i ean ¢ ie a Osby a ait) 
Year 2001 - és y , Pan Omi opin © 
Characteristics of Generalized Cities in 2001 


Generalized cities COOl per capita Income and Expense 


Readers are reminded to review the assumptions (1l4p2) which 
accompany these findings, especially those relating to trans- 
Homimocele: (Appendix) D.«sections (). leo and! D.4). 
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13p5 
TABLE 13t4 
CHARACTERISTICS OF GENERALIZED CITIES IN 2001 
CITY A CITY B g CITY Cc 
290,000 METRO UNEASE ae 1,220,000 METRO INHABITANTS 5,660,000 METRO INHABITANTS 
URBANIZED AREA URBANIZED AREA METRO URBANIZED AREA 


| CENTRAL CITY SUBURBS TOTAL 
a Over 0,000/1,000 | Over 
POPULATION DENSITY RANGES 20,000| to es 1,000 


In Persons Per Square Mile (gross) | 20,000|10,000 
URBAN STRUCTURE 


Average Population Density - 
Persons per square mile 


Urbanized Area in square miles 


Single Family Dwellings * (number) 


Multiple Family Dwellings * (number) 
Dwelling Units with Cars * (number) 


TRANSPORT 


Person Trips per Capita per day 
by Transit 


AREA | CENTRAL|CITY |SUBURBS | TOTAL AREA CENTRAL CITY 
Over 10,000/1,000 | 
20,000 | to to 

os | 20,000 /10,000 


25,000 


6,600 


13,500 9,300 


5.4 164.5 68.8 V7 a3 427.0 573.6 

17,950 |55,900)131,000 | 204,850 75,700] 112,350) 293,600 481,650 
20,750 90,750 585,400] 176,750}171,050 933,200 
127,800 261,250 410,350] 262,900) 439,550 1,112,000 


78,4001155,050 


Person Trips per Capita per day 


NOTE: See Table 10t1 for similar information for 1966. 


by Auto 2 - ALO) 
Arterial Grade Street Miles per 

100,000 persons 23) 37 
Freeway Miles per 100,000 persons | 5.6 957 
-Average auto trip length 356 
Average transit trip length 255) 
Average Commercial vehicle trip 

length 3.58 
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TABLE 13t5 
GENERALIZED CITIES IN 2001 
PER CAPITA INCOME AND EXPENSE 
OP id be ge 8 Get Bulge Gila! Ce ake 
METRO AREA METRO AREA METRO AREA 
290,000 e220 000 5,660 ,000 
INHABITANTS INHABITANTS INHABITANTS 
Income (salaries & wages) * 3,900 4,000 4,100 
TOTAL SHELTER EXPENSE * 540 572 682 
Auto purchase 206 ier 185 
Auto operation fie 124 FAS i | 
Urban transit 10 3A 58 
Other urban travel * 16 i2 18 
TOTAL PERSON TRANSPORT 
EXPENSE 309 344 478 
TOTAL GOODS TRANSPORT 
COST LG 235 538 
ACCESS ROADS * 30 30 30 
TOTAL URBAN TRANSPORT 506 609 1046 


Cities A and C expanded from present 
in same ratio as City B 


* From 1966 data using a growth rate of 2% per annum. 


NOTE: - See Table 10t2 for similar information for 1966. 
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CHAPTER 14 


SUMMARY OF METHODOLOGY AND ASSUMPTIONS 


This chapter is intended to summarize briefly the methodology 
and project assumptions which are described in detail in 
ChiapcensimUr toe. 3. 


Reference 
Report Section 


- Political and administrative issues eh 
are excluded 


- Degree of goal achievement through Ten 
transport is assessed by: 


Economic Indicators: 


- income increase as indicated Bsi2 
by transport cost savings 
‘- income distribution and Shays: 


Social Indicators: 


- unpaid travel time 1 

- accessibility eae 

- life expectancy 9.4 
Secondary effects are recognized Seer Cis ant fee 
but not quantified Sioned koa 2 


- All comparisons are made with the "neutral 11.1 & 11.2 
Path condition aniivear 2001 


- Totals for Canada are simulated by the ONES 
SUMO L : 


32 A cities 125,000 population 1966 
andiZ2907000 (ua 200) 

a B cities 500,000 population 1966 
endl i220, 00 Cran 2 008 

Avoscuctt1es. 2),000,,0000popuLation 
PIG ow anc. 5) ,0a0 OOO mane 2 00k 
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- Path conditions which remain unchanged for 
variations from the neutral path include 
the following: 


- real per capita income growth 2% p.a. Cae 
1966 to 2001 

- gross dormer density unchanged 1966 to 11.3.4 
2001 

- unpaid vehicle operator's time is Pate 
Zero cost 

- 1969 dollars are used throughout 


- transport demand related to demo- eee 
graphic data 
—- transport costs from current exper- 12.4 
lence 
- Conditions which change for variations 24 


from the neutral path are discussed with 
findings. 


2) TRANS model’ was calibrated’ for 1966 con- 11.5 & 11.7 
Gl@uions and run 4; times to calculate 
COUdmINnGdI Cators Lor: 


- neutral path 

- optimized arterial and freeway 
spacing 

- fine grain and optimized 
traffic operations 

- programmed module system 


- Indices for other conditions were determined 
by subsidiary analysis or estimates. 


-~ For the Neutral Path situation, it was assumed 
that all freeways proposed for 1980 to 1966" in 
current plans will, in fact, De ‘bullt. 
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CHAPTER 15 


TRUCKING 


The improvements attainable through trucking is the subject of 
a separate technical memorandum, which is briefly summarized 
in this chapter. 


There is a dirth of reliable technical information concerning 
urban trucking and, therefore, substantial amounts of judge- 
ment have been necessary in arriving at an estimate of benefits. 


Two methods have been identified for improving the efficiency 
of trucking, namely: 


- consolidation of shipments, terminals, and 
trucking and 

- improvement of shipping and receiving 
facilities. 


Present urban pick-up-and-delivery operations employ many 
trucks with very light loads, duplicating one anothers stops 
and routes. There would appear to be substantial benefits 
through consolidation of shipments, terminals and trucking. 

All three are necessary for both private and for-hire opera- 
tion in order to achieve substantial benefits. The major draw- 
pack Mo uonat CONSOLidation canionly,) practicality ,.bervbrought 
about through some type of regulation. 


It has been estimated that, through consolidation, the amount 
of empty travel could be reduced by 50% for urban pick-up-and- 
delivery operations. The value of this saving has been calcu- 
lated as 9.1% of vehicle operating costs and 6.4% of crew 
wages and fixed costs, giving a total potential benefit of 
20. 6 periion in 2001; 


Another major source of urban trucking inefficiency is in time 
spent in pick-up-and-delivery stops. It is estimated that 
this consumes about 50% of total truck time and that approxi- 
mately 30% +o0f the pick-up-and-delivery stop time is unneces- 
Sary. Improvement may be achieved principally through provid- 
Eng better shipping-and=receiving facilities.) The potential 
Saving has been estimated at 10% of crew wages only, which 
amounts to about $0.4 billion per year by 2001. These benefits 
could be achieved principally through the construction of im- 
proved shipping-and-receiving facilities and the streamlining 
of the associated paper work. 
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The economic impact is thus substantial and, if it is assumed 
that benefits are passed on, then they will be widely distri- 
buted throughout society to all consumers of the goods trans- 
ported. 


Social effects will be in the direction of improvement but 
will be modest through consolidation which has only the neces- 
Sarveairectucr Lect. of reducing truck traffic “and, “therefore, 
reducing pollution and accidents. If regulation of the pol- 
fumngeertecto Of the (Goodc well clieeis, introduced, then 
through regulated trucking, a major improvement in urban noise 
may be achieved and also a significant improvement in air 
pollution. 


A summary of the effects of more efficient trucking is given 
on the following table, 15tl. 
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TABLE 15tl 


SUMMARY OF EFFECTS OF MORE EFFICIENT TRUCKING 
eee ee ee eS 


Improve 
shipping-and- 
receiving facilities 


ee 5 


DESCRIPTION OF -- IConsolidation of 
IMPROVEMENTS shipments, terminals 
__jand Cruckinag. 


2 Oe en 3 oe $$$. nn a a rrr eo wea 


NEUTRAL PATH CONDITION (Truck terminal quality 
land truck load factors 
‘remain as 1966. 


Percentage of time | 
for shipping and 
receiving remains 
as now. 
APPROXIMATE CONFIDENCE a nS 
| 156 COe tm OU 
SENN naen leenanaamenssemmnenen 
EARLIEST LIKELY | 
YEAR FOR SIGNI- L935 | 


FICANT BENEFITS 
AMOUNT OF 1985. 

BENEFITS AS 3 40 
OF 2001 | 


EXTRA CAPITAL INVESTMENT (Nil - only normal re- 
REQUIRED iplacement and expan- 
($ BILLIONS TO 2001) ision of terminals 


Small - mostly 
normal replacement 
and expansion. 


i 
| 
ee Le 


I kp CRS aie le eee eee © ae ps mney co 
 ePOTAL | 
TRANS- | NATIONAL | $0.8 Billions $0.4 Billions 
ie O0 Tig 
ECONOMIC |PORP = sss ae 
cost | PER CAPITA 
INCOME IM- 
SAVING oe | 20 aD ae | +13 /cee as 


See IN 200 le 


Oe ae ee en a yee =. -— eee — a yen cin se ent eneimenpasce cones SI 


| 
DISTRIBUTION OF 
INCOME IMPROVEMENT| all consumers all consumers — 


rn etre 3 fe eh en AI Ey os pie 


a ee 


SAVINGS OF UNPAID 


TIME IN 2001 nil 
SOCIAL |ACCESSIBILITY 
IMPROVEMENT nil nil 
EFFECTS |LIFE EXPECTANCY | Bas SN - = 
INCREASE | Seg are ee 
ENVIRONMENT Although consolidation will modestly im- 


‘prove environment, a much more substantial 
environmental improvement is possible 
through trucking by improving vehicle 
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ARTERIALS AND FREEWAYS 


This chapter is a brief summary of the separate technical 
memorandum on improvements attainable through arterials and 
freeways. 


Improvement of the spacing and pattern of arterials and free- 
ways is the most promising method which we have studied for 
increasing urban transport efficiency. 


Subsidiary studies were carried out to determine the optimum 
Spacing and pattern of arterials and facilities. These 
studies were in considerable depth, including the development 
of a new computer programme for carrying out, for Canadian 
conditions, a modified Black analysis, for determining optimum 
spacing. The very substantial savings were then quantified 
through computer runs which indicate both the economic 
benefits through cost savings and the social benefits through 
unpaid time savings. 


The economic benefits amount to $1.8 Billions per year in 2001 
from optimizing spacing and $0.4 Billions from improving 
pattern. The optimized spacing is a closer spacing which thus 
amounts to the same thing as building more arterials and 
freeways. A capital charge of 10% of the estimated extra 
capital investment from 1971 to 2001 has already been deducted 
from the gross benefits to obtain the net figure of $1.8 
Billions. The pattern improvements can be achieved through 
better planning which eliminates discontinuities and achieves 
patterns closer to the ideal. 


The benefits are expected only in the new areas of our cities, 
where it is possible to do better planning now in order to 
achieve, gradually, over the years, these forecast benefits, 
£OG optimum road spacing and pattern. 


The economic benefits accrue largely through reduced trucking 
costs and are, therefore, distributed thorughout the communi- 
ties to all consumers as the savings are passed on. some 
economic benefits accrue to all auto and bus users. 


1h ee 
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The social benefits of time savings accrue to road users, both 
auto and bus. Improved freeways might result in some further 
switch to auto, however, which could be some disadvantage to 
the poorer sectors of society, unless at the same time suit- 
able measures are instigated to overcome this disadvantage. 


Safety and accessibility are substantially improved. The 
environmental effect through sight, smell and sound depends 
greatly upon the design of the facilities. If the facilities 
are well designed then the sight, sound and smell may be less 
of problems than they would be if the traffic were more con- 
jested on fewer facilities. 


The findings are summarized in the following table, 16tl. 
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SUMMARY OF EFFECTS OF ARTERIAL 
AND FREEWAY IMPROVEMENTS 
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ACCESS ROADS 


The improvements attainable through access roads is the sub- 
ject of a separate technical memorandum, which is summarized 
Pricey on cn Ss Chapter. ) 


There is a tendency to build access roads or local streets at 
a higher standard, both with regard to geometry and pavement, 
than is necessary. The pattern of access roads also tends to 
make travel unnecessarily circuitous and to increase unneces- 
Sarily the amount of travel on some streets. The inefficient 
patterns are usually due to the history of the planning and 
sub-division process which often makes it difficult to avoid 
awkward discontinuities. The over-design of standards is 
usually due to the requirement of lending agencies or other 
regulatory bodies. 


The adoption of only "adequate" standards for access roads is 
estimated to yield a maximum annual saving of $50 per capita, 
but, for various reasons, it is considered that only about 
Nali or thas cant be realized -and, on this basis ,peaboutnsd «5 
billions of savings are considered possible by the year 2001. 


Improved access road patterns are estimated to bring about an 
average trip length saving of 0.3 miles, which, applied to the 
Variaole porcion of transport. cost, results ian an”annual 
Saving, i 2001, 62. 50,25 bibitons after a: 253 reduction, be- 
cause of institutional constraints. 


These changes in the access roads bring about little change in 
social indicators, except that the reduction in the standard 
of construction in access roads may create a decrease in the 
neighbourhood aesthetic values. 


The benefits are distributed to affected home owners in the case 
of reduced standards and to all who live in the communities 

' affected by improved pattern. Transport for high density living 
Cannot be significantly improved by sthese: means. 


The finding concerning access roads are summarized on table 
Lacs 
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Table 17tl1 
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TRAFFIC OPERATIONS 


By traffic operational improvements we mean the use of traffic 
engineering techniques such as regulation of parking and turn- 
ing, one way streets, channelization, computerized signal con- 
trol and freeway metering. 


Canadian cities are already making reasonable progress in the 
use of such techniques and it is expected that they will con- 
tinue to do so. The full potential benefits are not being 
achieved, however, because of financial, educational and plan- 
ning constraints. Computerized signal control and freeway 
metering is the best example of a technique with potential 
benefits not being fully realized. There are others also, 
such as: 7 


- more aggressive parking restrictions 

= more aggressive use of channelization and of bus stop 
bays 

- pedestrian and vehicular grade separations. 


If the current constraints were removed, then it is estimated 
that by 2001, annual economic net savings of some $29 per 
capita per year could be achieved. These savings could be 
distributed to all consumers of the products carried by urban 
trucking and to all users of buses and autos. 


In addition, there could be significant environmental im- 
provement, substantial accessibility improvement and savings 
of unpaid time of about 27 man hours per capita per year. 
The environmental improvement would be achieved through re- 
duced congestion and thereby reduced air pollution. 


The findings concerning traffic operations are summarized on 
table 18tl. 
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SUMMARY OF EFFECTS 
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OF TRAFFIC OPERATIONAL IMPROVEMENTS 
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CHAPTER. 19 
CITY FORM, GRAIN AND ACTIVITY DISTRIBUTION 


This chapter summarizes a technical memorandum which was 
prepared on this topic but which was not issued because 
of the great uncertainties, not only as to the amount of 
potential benefits, but also as to their order of magni- 
tude and even whether positive or negative. Even though 
it has not been possibly, within the scope of this pro- 
ject, to remove these uncertainties, nevertheless, the 
topic is included here for completeness. 


In this chapter we seek to assess the possible impact 
upon urban transport efficiency of possible variations 

in land use distribution, which may also be described as 
variations in urban form, grain and activity distribution. 


: EO ieeL. POSSIBLE FORM AND SHAPE CHANGES 
URS EV IMPROVEMENTS THROUGH MORE CONCENTRATED CBD 
1S en FINER GRAIN OUTSIDE CBD 


19.4 SUMMARY 
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CITY FORM, GRAIN AND ACTIVITY DISTRIBUTION 


LD eal 


POSSIBLE FORM AND SHAPE CHANGES 


In order to maximize transport efficiency, the 
optimum shape for a city is a circle and the 
optimum form is for the circle to be completely 
filled with development, with no gaps, except 
that a modest amount of clustering is good. 
This assumes uniform topography and uniform 
transport.faciditaes. 


Cities always tend to assume a circular form, 
unless,they»are,,constraaned« from, doing \this,. by 
Lopegraphyyiorgilimited, transport) facilaeties, or 
land control policies. In the Metro Toronto 
region, for example, there appears to be a policy 
of ribbon development, along Lake Ontario, rather 
than the more circular form which would be more 
efficient, in terms of transport. The appeal of 
ribbon, satellite, or finger forms, is to reduce 
the distance to open country, for both persons 
and for city waste. 


Estimates have been made for City C of the possi- 
bility of -re-arranging the «developed land into a 
more compact, more circular form. It has) ‘been 
estimated that this would result in moving about 
10% of the population from an average distance of 
about 9 miles. from the CBD: to an average distance 
of about 7 miles. This two mile saving, for 10% 
of the CBD trips, creates about a 1/2% saving in 
Marginal metro transport costs, which, because 
there will be savings on non-CBD trips also, we 
have increased to 1%. One per cent of marginal 
transport costs sion r2eguGahy, \Cils mis ($83)imrllion 
per year in 2001. 
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In order to bring about these savings of a more cir- 
cular shape, it is necessary to spend more capital 
funds on overcoming topography for sewer, water and 
transport facilities. These increased capital costs 
are estimated at between 0.3 billion and 0.5 billion 
for all of Canada, over the next thirty years, which 
would reduce the savings to about half. 


The cost of undeveloped, but serviced, pockets of 
land, is very high, because the investment has been 
made, but the services are not utilized. These 

types of pockets, therefore, are highly inefficient, 
whereas the open spaces which are left for parks and 
which are left between clusters are just the reverse: 
quite efficient, because they are planned to remain 
as open space for all time and services are not pro- 
vided for them. Clustering; which is just the reverse 
form: to pockets7vbrings twoftransport®* benefits also. 
Within a cluster, more trips are brought within prac- 
tical walking range and secondly, clustering tends to 
improve transit economy and service. 


Possible benefits from pocket reduction and increased 
clustering have been estimated at about $0.06 billions 
per year in 2001, which, when added to the net bene- 
fits .of a moreicincilap shape} give.a total of SOan 
billion of net economic benefits from improved form 
and more circular shape. 


The transport benefits are very widely distributed 
to all consumers and all travellers in the metro 
region. They might tend to be somewhat more, pro= 
portionately, to the middle and lower income groups 
who travel more in the suburbs. 


Concerning social effects, the proposed changes would 
give some improvement in accessibility, some savings 
in unpaid time and a slight reduction of accidents, 

all. as a ‘result of reduced travel. On the other hand, 
the increased distance to "open country" may be con- 
Sidered an environmental detriment, because there is 
less natural dillution of pollution and because re- 
creational travel to "open country" is somewhat in- 
creased. Pockets of serviced, but unused land, are 
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commonly an"eye sore" and community nuisance. The 
increased recreational travel to "open country" is 
small compared with other travel savings and, there- 
fore, on. balance, the net Social effect of the pro- 
posed change in form and shape is decidedly, but 
modestly, beneficial. 


Because of the crudeness of the estimates and the 
considerable uncertainty attached to them, we have 
shown very broad confidence limits of -75% and 
+2003. 


a hs IMPROVEMENTS THROUGH MORE CONCENTRATED CBD 


In spite of the fact that there are a couple of U.S. 
technical studies that appear to deal with this topic, 
nevertheless, when they are carefully examined, there 
is surprisingly little of practically useful knowledge 
which comes from them. 


If the CBD were of a single land use, then more con- 
centration would simply be coarser grain and the 
transport costs would, thereby, be increased, as 
dzScussedpin the mext ‘section, le is only concentra- 
tions of mixed uses which has a chance of increasing 
transport efficiency. This would have the same effect 
as clustering. One would expect that greater trans- 
port efficiency would result in a combination of 
greater CBD concentrations of both employment and 
population, provided the central housing is the type 
to attract. the central workers, This 1S a major pro- 
viso, however, and one which introduces considerable 
uncertainty. Furthermore, although the total amount 
Of ‘transport may decrease, the unit cost “of "transport 
is likely to increase with more CBD concentration. We 
have found it impractical to estimate this cost var- 
iance within the scope of this project. 


It is our opinion that there are some transport bene- 
fits to be realized by greater CBD concentration of 

a well designed controlled-mixed land-use type, but 
we believe that substantially more studies are re- 
quired, in order to assess the possible magnitude of 
these benefits and how they should be achieved. In 
particular, more information is required concerning 
how to design a CBD and its transportation system so 
as to achieve the optimum social advantages. Unfor- 
tunately, there is a great dirth of information of 
the type that is required to do realistic evaluations 
on thats subject. 
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tans FINER GRAIN OUTSIDE CBD 


Finer grain indicates maximum scatteration with each 
activity being distributed very broadly throughout 
the region. An extreme example of fine grain is a 
craftsman manufacturing products behind the store 
where they are sold, with craftsman, merchant and 
their families living apove’ thie Stole. 


Coarse grain indicates maximum concentration where 
each major activity is confined to a small number 
of areas, each reserved exclusively for that acti- 
vity. A large industrial park containing no com- 
mercial or industrial development would be an exam- 
ple of coarse grain. 


At the present time, there is a strong trend toward 
coarse grained development, which, of course, re- 
quires mechanical transportation. "This canbe 11- 
lustrated in the case of schools, shops, offices 
and Tactortess 


In the case of schools, it has been common practice 

to have neighbourhood public grade schools, so loca- 
ted that the younger children may walk to and from 
school. This practice continues with most public high 
schools, but, for the more specialized high schools, 
colleges, and private schools, most children require 
mechanized transport. Currently, there are some pres 
posals for much larger, combined schools*. Such pro- 
posals seek to achieve reduced school cost and increased 
quality, as a result of economies of scale. The 
larger the schools, of course, the coarser the grain, 
and the smaller the school, if the small schools are 
evenly dispersed iraugnouk the neighbourhoods, the 
finer the grain. The advantages of the larger schools 
appear to be increased efficiency in the school opera- 
tion through more efficient use of specialized egquip- 
ment, facilities and staff. Those considering the 
benefits of larger schools usually overlook the dis- 
benefits, due to the increased transport cost of the 
pupils and staff. There is a possibility, however, 
that the latest electronic devices for teaching might 
be very versatile and could be applicable to the 
neighbourhood school, which would then gain a greater 
flexibility and broader usefulness. THis May be one 
instance where there could be some practical substi- 
tution of communications for transportation. In this 
case, it would be shortening the pupil's trip by tak- 


* See, for example, Progressive Architecture, 
April 1968 (86). 


_N.D. LEA & ASSOCIATES LTD. 


CITY FORM, GRAIN.AND ACTIVITY DISTRIBUTION 19p5 


ing him only to a neighbourhood centre, where he is 
able to communicate electronically with the widest 
assortment of teaching aids, rather than moving him 
a much greater distance to the location of the 
special facilities and expert resource people. 


The old style corner grocery store, with no provi- 
Sion for parking is an example of fine grained shop- 
ping development. Most of the customers walk to the 
corner store. By contrast, the regional shopping 
centre requires that practically all customers drive 
and, generally speaking, the larger the shopping 
centre the lower the percentage of shopping trips 
which will be made to it by walking. For the last 
decade or more, the trend has been toward the coarser 
grained, large, regional shopping centres, for several 
reasons. In the first place, it satisfies a planning 
policy for the segregation of activities. This policy 
derives from the self interest of home owners who 
protest against a drug store next door (so there is 
none for miles). Secondly, it improves the efficiency 
of shop operations, because the larger shops are able 
to operate more efficiently with respect to special- 
ized labour and services, including deliveries. 
Thirdly, the large, regional centre is convenient for 
the shopper, because he is able to make one stop and 
do all of his shopping. Lastly, because of their size, 
they receive good design attention and usually are 
pleasant and enjoyable places to visit. The shopper 
is generally not conscious of his additional expendi- 
ture) on transportation in travelling toa large, re- 
gional shopping centre. 


Offices and manufacturing plants gain efficiency by 
clustering. For example, a large research centre 

where a number of industries establish research facili- 
ties permits some sharing of specialized equipment such 
aS computers and other speciality laboratory and test- 
ing equipment, and permits the establishment of service 
firms to serve the research community. It also provides 
for convenient, formal and informal communications be- 
tween thei scientific! staf fren The:ccost poiln*-terms: of 
greater travel by the staff, is usually not considered. 
Communities usually aggressively promote the industrial 
parkUorusciéentifie spark. 


The total effect of the trend toward coarse grained 
development is that trips by automobile become longer 
and more frequent. The disadvantage to this type of 
development is appreciated by the family that finds 
it must have a second car; and by the housewife who 
finds that she has become a chauffeur and messenger, 
spending most of her time running about on errands, 
in her second car. 
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It is exceedingly difficult to estimate the magnitude 
of savings that might be achieved by departing from 
the neutral path in the direction of finer GLaitis 
Certainly there are some strong forces in our society 
which favour the coarser grained development. It is 
certainly not a black and white issue, but one with 

a wide spectrum of possibilities. 


Land use planners have, for many years, been seeking 
the benefits of the ideal "self-contained" neighbour- 
hood of 5,000 to 10,000 people, which, in concept, 
is a fine grained cell. The concept is fraught with 
Many practical problems. Studies have been made to 
determine the minimum size of the market for each 
Specific type of retail store and service. Not many 
can be supported by 5,000 people. Furthermore, the 
greater the variety among these 5,000 as to income, 
Social class, and household composition, the greater 
the variety of goods and services required and, con- 
sequently the greater the threshold of size of the 
establishment which is needed to Supply them. 


Fine grain, of course, requires dispersal of employ- 
ment, as well as of services and this is very diffi- 
cult to achieve. 


there is, thus} clearly some optimum grain arrange- 
ment, which is a combination of fine and coarse. This 
can be illustrated by suburban shopping centres which 
were previously mentioned as an example of coarse 
grain. They are this, of course, to the extent that 
they serve as an alternative to neighbourhood stores. 
But to the degree that they serve as an alternative 
to CBD shopping they are "fine" Grains: Céfriainly yore 
Outside the CBD there were only those services that 
could be supported by a market of 5,000 people, the 
total length of all trips ina big city would be much 
greater than it. now is; 


The optimal combination of fine and coarse grain could 
be evaluated using modelling tools presently becoming 
available. We believe this would show the optimum to 
be more toward fine grain than the neutral path. 


Early in this project an attempt was made by intuitive 
judgement of a number of experts, meeting in a special 
Session for this purpose, to put a figure on how much 
reduction in travel might be achieved through new 

thrusts which would move more in the direction of fine 


grain for new neighbourhoods outside the CBD. This 
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session produced a figure of 10% as a possible reduc- 
tion from the neutral path, in auto and transit tra- 
vel. This 10% reduction, applied to marginal costs 
only, would produce a national savings in 2001 of 
approsamatelyy Sis Ditltonie In the’ light of the 
difficulties of achieving these benefits and the fact 
that they would not apply to goods movements, and the 
lack of reliable information on which to base the 
assessment of their quantity, we have discounted this 
estimate to $200 millions per year in 2001, which is 
compatible with the results of computer run #3. 


The benefits of fine grain would be distributed very 
Widely throughout the community. Indeed, there might 
be a possibility of getting a substantial portion of 
the benefits into the hands of those of low incomes 
and those otherwise disadvantaged by the auto domina- 
titon.or  transpore: 


The social benefits of the transport effects of fine 
grain are Significant and all positive:- unpaid time 
Saving, accessibility improvement, safety increased 


‘and environment improved. The social issues involved 


in fine grain are much broader than the transport 
effects. These issues have been presented forcefully 
by Jane Jacobs They are the subject of consid- 
erable debate. 


The acceptance or rejection of finer grain will, thus, 
probably be decided on questions other than transport. 


SUMMARY 


There is considerable uncertainty concerning the mag- 
nitude of the potential benefits through changes in 
GLty, LOrm, “drain ‘and activity j7distripucaom, but icer= 
tainly this 2s°a topic worthy Of mucm Guscher investi— 


gation. It certainly needs to be approached from a 
much broader perspective than that of transportation 
alone. Transport should be only one of a number of 


factors to be evaluated. The following table 19tl, 
Summarizes the results of the evaluations done under 
chiLe royect. 


* See Ref (87) 
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eee ENN SS 
TABLE 19tl 


SUMMARY OF EFFECTS OF CHANGES 


IN CITY FORM, GRAIN AND ACTIVITY DISTRIBUTION 
ee ee eee et ee 


DESCRIPTION OF | More circular {More concen- 


IMPROVEMENTS | shape & fewer [trated CBD 
why 16a Boe pipemketa? ksi 
NEUTRAL PATH CONDITION Present off- as present |as present 
| circular 
Shape + 
CONFIDENCE LIMITS 1 =753 uncertain 
ie £ pert 32004 22g 
EARLIEST LIKELY 
YEAR FOR SIGNI- 
TIME FICANT BENEFITS ‘eal uncertain 
STREAM | AMOUNT OF 1980 | 
BENEFITS AS % | 
OF 2001 5 
EXTRA CAPITAL INVESTMENT | 2h 3ubibi on 
REQUIRED le Se $0. 5 gain); 
TOTAL 
TRANS-— | NATIONAL : 
ECONOMIC {PORT |IN 2001 60 sed LOM rin, 


COST ie: [PERS GAPITA. |. 

EFFECTS |SAVING/INCOME IM- | |probably 
PROVEMENT | 

IN 2001. | $3 'some 

DISTRIBUTION OF very widely 


! i very widely 
INCOME Rem eee ee | ‘users 


SAVINGS OF UNPAID 


PIM IN 2001 some probably | Significant 
SGCTAR~ tie Soc AGN LG betas ae Ganka | mare = “Sane 
ACCESSIBILITY 
EFFECTS IMPROVEMENT | some probably ie 


LIFE EXPECTANCY 


| 
INCREASE eae le & 
ENVIRONMENT pe en be- {possibly | Sane 
cause distance |better 
increased to depends 


“Open country" ,;on design 
i 


——— = | 
oe 
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CHAPTER 20 


TRANSPORTATION CORRIDORS 


This chapter is a brief summary of the separate technical 
memorandum on improvements attainable through transporta- 
tion corridors. The transportation corridor proposal is 
that land be set aside now, in broad corridors, for future 
transport, so that when the need for new facilities arises, 
they can be constructed in good order, without costly acqui- 
Sition and destruction of already built up communities. 


The opportunity to acquire central city corridors has, for 
practical purposes, already passed and there is no need to 
act early on inter-city corridors, thus the benefits identi- 
fied for transportation corridors are for corridors through 
the urban fringe. 


In order to demonstrate that it is practical to acquire land 
Many years ahead of need, for transportation purposes, the 
approximate design criterion have been developed for trans- 
portation corridors and corridors have been laid out fora 
theoretical city. 


If a program were launched in the near future, of corridor 
acquisition, then by 2001 the annual per capita economic 
costs and benefits would be as follows: 


Table 20t1 
CORRIDOR UNIT COSTS AND BENEFITS 
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When these unit savings are applied to the anticipated 2001 
population, the net benefit becomes approximately $250 mil- 
lion per year. If the fund which would need to be set up 

now to make this program possible, of $% to $1 billion, were 
treated as a capital investment, then the benefits represent 
a rate of return of12.8% to 7.4% on this investment. Various 
arguments are presented, however, as to why it is overly con- 
servative to treat this land acquisition by government at 
market prices as a normal capital investment. 


In addition to the economic benefits, there are some very 
substantial social benefits. The avoidance of community dis- 
ruption is the greatest of these and it will achieve major 
environmental benefits. In addition, there are savings in 
unpaid time, accessibility improvement and some safety im- 
provement. The social impact of transport corridors is pro- 
bably the greatest aggregate of social benefits of any asses- 
sed in this project. 


Benefits from corridors are very widely distributed to all 
inhabitants of the region. 


The only problem with transportation corridors is that a fund 
must be set up now, whereas the benefits do not begin to 
appear for a considerably number of years. 


The effects are summarized in the following table 20t2. 
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TABLE 20t2 


SUMMARY OF EFFECTS 


OF TRANSPORTATION CORRIDORS 


DESCRIPTION OF NS iBefone Before land is subdivided 
reserve wide corridors for 
| 


IMPROVEMENTS transportation facilities. 


a a tat gs ea ee a a 


NEUTRAL PATH ; No special 
' 


CONDITIONS corridor acquisition 
i pele tin aaa Re ee Oey ey EA Sane an ba ae 
APPROXIMATE CONFIDENCE LIMITS -0% +200% 


EARLIEST LIKELY 
YEAR FOR SIGNI- | 1980 


TIME RICANS BENEFITS 


AMOUNT OF 1980 | 
BENEFITS AS % | 25% 
OF 2001 z 

| 


eee 


$5 to $1 billion. Butenece 
that total capital investment 
over 30 years, including the | 
initial sum is reduced. 


AOS eee © nis Operate! Serene =e = or we eee = ee eee 


TRANS- | NATIONAL 
IN 2001 
PORT ee ee a ee Ne I yatae baa aA Wa Sti ee a eee ee eS, 5 seeing ot spain eal pin enact ae a aa 
PER CAPITA | 
COST INCOME IM- |! $8/cap./yr. 
PROVEMENT | | 
SAVING | IN 2001 
els eae eg | 


$0.25 billions 
ECONOMIC 


EFFECTS 


DISTRIBUTION OF 

A cee Dua begat 
SAVINGS ON UNPAID 
ood IN Ro a 


very widely 


significant 


ACCESSIBILITY 
Bia eae 


SOCIAL Significant 


<r e J as - ames - ee re ne ee er rn repens Stee ee eee 


LIFE EXPECTANCY 
INCREASE 


EFFECTS some 


ENVIRONMENT major improvement 
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CHAPTER 21 


PRICING 


This chapter is a summary of the technical memorandum con- 
cerning improvements atainable through pricing. 


Many possible variations of road and transit pricing have 
been explored. In particular, the British studies on road 
pricing have been gone into thoroughly. It has been con- 
cluded that a somewhat different approach is required for 
Canada. With the rapid expansion of Canadian urban trans- 
portation systems, it iS reasonable to consider road capa- 
cities as expandable, and, thus, to include the cost of this 
expansion of road capacity as a part of the marginal cost, 
in a marginal cost pricing analysis. 


Taking this approach, a combination of pricing changes has 
been developed which it is believed would be advantageous 
and practical for Canada. These include: 


- parking charges to reflect the full cost of 
the parking service, including land rent, 

- special motor vehicle license, using possibly 
a coloured sticker, the display of which is 
required in order to gain access to key routes 
Any rush, Nour, 

- motor vehicle licences to vary by vehicle type 
and axle load, so as to reflect the marginal 
long-run cost of strengthening roads for heavier 
vehicles, 

- toll charges at very expensive crossings, 

- transit fares adjusted to be less off-peak and 
to reflect marginal cost differences between 
modes. 


It is estimated that if all of these measures were put into 
effect, the total economic benefit would be in the order of 
S100 million per year by 2001, and that in addition, there 
would be some modest social benefits as well. 


The benefits would be concentrated in the C.B.D. and in 
routes leading to it where congestion could be somewhat 
relieved through pricing. There would also be some bene- 
fits to transit users, particularly off-peak users, who 
would get a somewhat better deal. 


Oa 


as t N 


% 4 } 
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The social benefits would be modest but broad: some reduction 
in unpaid travel time, some improvement in accessibility, 
some accident reduction and some environmental improvement. 


There is substantial institutional inertia to be overcome 

in achieving these benefits and there is some doubt if the 
magnitude of the benefits would be worth the effort. It is 
extremely unlikely that such measures will be instituted 
broadly. It could hardly be in more than three cities and 
the benefits would be decreased by some other proposals, 
such as improved transit and traffic operations. Neverthe- 
less, there may well be some of the pricing ideas which will 
find useful application in some Situations in Canada. 


The results are summarized on the following table 21tl. 
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TABLE 21t1 


SUMMARY OF EFFECTS 


OF CHANGES IN PRICING 


Sst Sash hes ee ee oe 
DESCRIPTION OF Combination of pricing 


adjustments. 


IMPROVEMENTS | 

| NEUTRAL PATH | Roads - arbitrary pricing 
: at about average cost. 

i Transit - pricing at average 

> COBSteless subsidies 


Ss lat PS SE le ee 


APPROXIMATE CONFIDENCE LIMITS | =20% to. 170s 


EARLIEST LIKELY | | 
YEAR FOR SIGNI- 1975 
FICANT BENEFITS 

AMOUNT OF 1975 

BENEFITS AS A | 303 
8 OF 2001 Ea 


CONDITION 


EXTRA CAPITAL INVESTMENT 

REQUIRED BETWEEN . | Hat 

1966 and 2001 

| TOTAL 

TRANS—- | NATIONAL 

ECONOMIC IN 2001 
PORT Poe ons 


PER CAPITA 

COST INCOME IM- | Scere 

EFFECTS | PROVEMENT | Ss 
H 
j 


| SAVING | IN ie 


eee 7 Pewee ann hte eee ania coke” 


DISTRIBUTION OF perro ima ty to Cube. 
INCOME IMPROVEMENT & transit users 


deisel neon peters i pd in nic ses i el occ a cai coca aaa Nha lads iy iets cae Sea ca tea mgcsibgphsignias ios paper aaads eaaat en eee Ae 
SAVINGS OF UNPAID . viene 
TIME IN 2001 ; er. 
ACCESSIBILITY aoe 
SOCIAL | IMPROVEMENT : te! 


a - ae = Se nn = 


LIFE EXPECTANCY | 11 SRe 
INCREASE oie 


a i ee 


ENVIRONMENT Slight improvement 


EFFECTS 


CHAPTER 22 


TRANSIT OPERATIONS 


This chapter is a summary of the technical memorandum 
entitled "Improvements Attainable Through Transit Opera- 
DaOirs) os 


Included under transit operations are all of the changes 

to a transit system, which may be made to improve its 
economic or social efficiency, without the use of new tech- 
nology. 


A careful exploration has been made of some 20 or 25 possi- 
bilities for improving transit operating efficiency. It 
has been found that some modest economic improvements can 
be made, but that the principal benefits are social effi- 
ciency improvements. Indeed, it is considered likely that 
any modest economic efficiency gains that can be achieved 
will be, in fact, used up in purchasing social improvements. 


One of the greatest problems facing transit today is to know 
how to go about effectively providing the needed social effi- 
Ciency improvements. 


There are a number of well accepted changes that should be 
pushed further for improving both social and economic effi- 
ciencies. These include: 


- Express Bus Services 

- Exlusive Bus Lanes 

- Exclusive Transit Streets 

- Bus Stop Bays 

- Diversification of Services 

- Improvements in Bus Design 

- Improved Maintenance Techniques 
- Improved Surface Bus Bae 
- Convenience Facilities 

- Improved Communications 

- Dynamic Demand Routing 

- Contract Management 

= i Frvcing FroOlicies 
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In addition to these more conventional approaches, however, 
it is also proposed that some less conventional ones such 
as small-vehicle;drive-yourself transit or subsidized car 
pools, be developed, with the specific objective of improv- 
ing the social efficiency, and that particularly for the 
group of Canadians who have special needs in this regard. 


Transit can be one of the more effective tools for achiev- 
ing some specific social efficiency improvement, particu- 
larly for the disadvantaged. Careful evaluation is required 
of each specific proposal, in relation to the social goals, 
because some of the more common transit "improvements" may 
not produce the desired results. 


The study findings are summarized on table 22tl. 
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TAB GE 2 20k 


SUMMARY OF EFFECTS 


OF TRANSIT OPERATIONAL IMPROVEMENT 


DESCRIPTION OF : Improve transit service by 
IMPROVEMENTS a variety of methods using 
present technology 


NEUTRAL PATH 
CONDITION 


Current practice 
continues 


APPROXIMATE CONFIDENCE LIMITS 2 Results considered 
moderately conservative 


TIME EARLIEST (UERELY ee 

YEAR FOR SIGNI- | 1976 
STREAM FICANT BENEFITS : 
a 
EXTRA CAPITAL INVESTMENT ! 
REQUIRED 


Modest 


| 
a, eel ae 
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TOTAL 
TRANS-—- | NATIONAL SO.) biaon 
ECONOMIC IN 200 
PORT < sipilande di eeabeend waives ap Saunas a ee, A me er er 
PER CAPITA 
COs INCOME IM- S3/ Cap. /¥re 
EFFECTS PROVEMENT 
iat ony IN oe 
DISTRIBUTION OF principally to transae 
INCOME IMPROVEMENT sit users 
|SAVINGS ON UNPAID ! 3 man hours teauM /yx. 
TIME IN Veale 
ACCESSIBILITY substantial, particularly 


IMPROVEMENT . for the disadvantaged 


SOCIAL 
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CHAPTER 23 


NEW TECHNOLOGY 


The original terms of reference for this project specifi- 
cally included new technology and, therefore, in the first 
phase a certain amount of analysis and evaluation was carried 
out. This included one computer run to assist in evaluating 
the benefits from “programmed modules". 


The terms of reference for the preparation of technical memo- 
randa and for the revision of the main report specifically 
excluded new technology, however, and, therefore, the work 

on new technology is in an incomplete form. 


Enough work was done in the first phase, however, to indi- 
cate that a great deal of information is available from 
U.S.A. and European sources, concerning new technology. 
This information, which has increased substantially in the 
Dasu-l2 > months, (iy it ts carefully and\criticalbly scrutin= 
ized, does contain enough significant cost and performance 
data, to permit the application of the methodology of this 
project to an assessment of the potential benefits for 
Canadian urban transportation. 


Because Canadian cities have a greater proportion of their 
growth cycle ahead of them, than do cities in most other 
parts of the world, the new technology could be of greater 
consequence to Canada, than to other countries. 


One of the most interesting new technological possibilities 
is for a fully automatic transit system, which provides a 
standard of service that is competitive with the automobile. 
In order to achieve this, economically, it is probably neces- 
sary that the vehicles be small and that the system be adap- 
table to handle both people and goods. We have termed this 
type of system, of which there are a large number of proto- 
types and proposals, a “programmed module". Our preliminary 
analysis indicates that there are substantial possibilities 
for it in Canada, in the forecast period. Indeed, it appears 
to hold out the prospect of bringing substantial improvements, 
both economically and socially. 
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SUMMARY & CONCLUSIONS 


This project has taken a broad-brush bird's-eye view of 
the dramatic growth and change which the remainder of the 
20th century will bring to Canadian cities, and of the 
social and economic benefits which might be achieved 
through transport. In this concluding and summarizing 
chapter we do not consider the study methodology (this 
was summarized in Chapter 14).Neither do we review the 
new transport theory which is presented in Chapter 3, or 
the proposed new subdivision of the subject presented in 
Chapter 4,or even the significant novel use of both social 
and economic indicators. Rather we deal exclusively with 
the results, the findings and their import for further 
research and policy development. The sectional headings 
employed are: 


24.1 SUMMARY OF FINDINGS 

24.2 IMPROVING ECONOMIC EFFICIENCY 

24.3 IMPROVING SOCIAL EFFICIENCY 

24.4 INTERACTION OF LAND-USE AND TRANSPORT PLANNING 


24.4.1 Downtown Re-development 
24.4.2 New Development 
2424.0 ..City Size 


24.5 MOVING PEOPLE, SERVICE VEHICLES AND COMMODITIES 
24.6 GOVERNMENT AND FINANCE 
24.7 RESEARCH PROGRAMMES 


24.7.1 Develop Social Indicators 

24.7.2°' Evaluate Transit's Social Impact 

24.7.3 Develop Experimental Neighbourhoods 

24.7.4 Commodity Flow Research 

24.7.5 Develop Transportation Corridor Design Techniques 
24.7.6 Develop Land Economics 

24.7.7 Improve Transport Models 

2A. 7.50 Cary .opze, Shape, Grain, etc. 

24.7.9 New Technology 


C4.1 


c4.2 


SUMMARY & CONCLUSIONS _ | "Bie 


SUMMARY OF FINDINGS 


Table 24 tl gives a comprehensive but highly condensed 
summary of the project findings. 


we consider that this table assesses all practical 
improvement to Canada's urban transport system and its 
effect, both socially and economically. Each assess- 
ment is not to the same level of accuracy, but the 
body of the table gives some hints as to which inform- 
ation is the less reliable. 


- Trucking + New Technology 
- Arterials & Freeways + New Technology 


There are also some possibilities of combinations pro- 
ducing benefits greater than the sum. ‘The best example 
is 

- Corridors + Arterials & Freeways 


As the urban transport model that was used lies at the 
heart,.oiythe analysis in thismeport, the reader is 
advised to carefully review Appendix D on Transport 
Models, especially the sections dealing with their 
deficiencies (D.1.5) and future development (D.4). 
The ability of “the TRANS,.model tosaccuratelyepredict 
future urban movements, particularly auto and transit 
use, has a critical bearing on all the conclusions 
discussed in this section. A clear understanding of 
how the model works and its shortcomings is vital to 
understanding the results summarized below. 


IMPROVING ECONOMIC EFFICIENCY 


By 2001, Canada's ten major cities will contain about 
22 millions of people (55% of the total), compared 

with about 8 millions in 1968 (40% of the total). 

The average per capita income in 2001 is expected to 

be about’ $4,000 in 1966 dollars, compared with $2,000 
in 1966. This year 2001 income, in real terms may be 
increased further, by some 7%, by improving the quality 
of the transportation system. 
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SUMMARY & CONCLUSIONS 


CITY €.B.D. 


TRUCKING TRUCKING ARTERIALS & FREEWAYS ARTERIALS & FREEWAYS ACCESS ROADS ACCESS ROADS CITY FORM CITY GRAIN 
CONSOLIDATION IMPROVE FACILITIES SPACING PATTERN CORRIDORS LOWER STANDARDS IMPROVED PATTERNS TRAFFIC OPERATIONS & SHAPE CONCENTRATION NON-C.B.D. PRICING NEW TECHNOLOGY TRANSIT OPERATIONS 
NEUTRAL PATH CONDITION Truck terminal Percentage of truck | Facilities proposed for Continue with present |No special acquisition of |Current standards Current practice Current practice Present off- C.B.D. simi- Grain as at Roads - arbitrary pricing | No new Technology Current practice continues 


time for P & D 
remains as 1966 


quality & truck 
load factors re— 
main as 1966 


1980 to 1986 in current 
published plans will, 
in fact, be built by 2001 


basically, rectangular 
grid form with some 
jdiscontinuities 


transportation corridors 


continued 


continued 


continued 


circular shape 
+ pockets 


lar to present 


present 


at about average cost. 


Transit - pricing at aver- 


agé-cost less subsidies. 


ipaaees land is subdivided, 


IMPROVEMENT STUDIED Consolidate — Better shipping-and-| Improve spacing i.e. Improve pattern — Use only "Adequate" Better subdivision Install computerized |More circular More concen- Finer grain Combination of adjust— "Programmed module" and other Improve transit service §& 
-shipments receiving facilities| build more arterials and =more nearly square reserve wide corridors for |standards patterns traffic control, free- |shape & fewer trated C.B.D. outside ments new technology systems aeeeeone by vari thod: 
-terminals and and improved paper- | freeways =-less discontinuities | transportation facilities Way metering & other pockets C.B.D. : usin enent eechnat ere 
-trucking work traffic operations ig Pp. chnology. 

L improvements 

EXTRA CAPITAL INVESTMENT $0.5 to $1.0 Billions Negative = $0.3 Billions 

REQUIRED BETWEEN 1966 nil small $1.8 Billions small initial capital but not as quantified below nil $0.35 Billions to cone nid nil Teese woaese 

AD Ayo "EXTRA" * as annual amount $0.5 Billions 


TOTAL 
TRANS— NATIONAL $0.8 Billions $0.4 Billions $1.8 Billions $0.4 Billions $0.25 Billions $0.5 Billions $0.25 Billions $0.9 Billions i1lli Bass eas $1 Billion to aqAe 
ECONOMIC] 5 opm IN 2001 $0.1 Billions probably some $0.2 Billions $0.1 Billions Se USTaTe BE LSn ¢0.1 Billion* 
ao ee 
EFFECTS 2 : . 5 
SAVING PRO VETERE $26/cap/yr $13/cap/yr $58/cap/yr $14/cap/yr. $8/cap/yr. $15/cap/yx. $8/cap/yr. $29/cap/yr. $3/cap/yr. probably some $6/cap/yr. $3/cap/yx. $32 to $100/cap/yr. $3/cap/yr. 
| 
DESL {0)2 all consumers all consumers very widely very widely idel: ‘Teen 11 livi ie Ik idel: to C.B.D Frincipally to €.B.D Very widely with special bene 
very widely a ome owners a iving a ow very widely . .B.D. . r B.D. = F 9 
INCOME IMPROVEMENT aeneity very widely neeree very widely & aE IEGTES fits to those now disadvantaged principally to transit users 
in large cities 
——+ 
SAVINGS OF UNPAID = “ 78 man hours 24 man hours 4 a 8 wae a 27 man hours 
TIME IN 2001 aul all /cap/yr. /cap/yr- significant nil SONS /cap/yr- some probably significant slight substantial 3 man hours/cap/yr. 
+ 
ACCESSIBILITY A . + P 5 a 
nil nil substantial some improvement significant nil some substantial i i substantial particularly 
SOCIAL | IMPROVEMENT g | some probably some slight supsbanGaen for the disadvantaged 
LIFE EXPECTANCY : : : - i 5 2 
EFFECTS | INCREASE slight nil some | slight | some nil slight some slight slight slight slight substantial some 
8 T 5 5 San 
ENVIRONMENT Although consolidation will modestly Sight, sound and smell Slight improvement i Major improvement Some decrease in Some decrease in Significant decrease F a fs a & P 4 
empeove Sage aaa Peet uchenerenetee wee mee Paces caruivnarrect™ g ip a ne) Petieneatenccdmiacalt TicgySENL REONS in air pollution Sone decrease Boss ipty. im- Debatable Slight improvement Very great improvement. Reduced air pollution. 
stantial environmental improvement is |ed but the mobility of the aesthetic values. traffic. Otherwise SG Eas Es 
possible through trucking by improving |poor is likely to be de— Otherwise no effect. no effect. & ce = eee = 
vehicle designs so as to decrease creased. Oo aa gn. 
noise and air pollution. country". 
i 
i EB 3 ; a ay 5 = 7 = 7 5 
NOTES Reliable trucking data is yery scarce |Attempts to build new arterials & freeways after With corridors the total | Transportation benefits through access WHS WHMIS G There are substantial uncertainties about Could involve some double |New Technology was only ex- *Potential benefit not likely 


and thus bold assumptions were 
necessary for this assessment. 


a community is developed frequently brings 


violent objections with validity. 


From a long- 


term view these may be most effectively overcome 


by corridors. 


capital investment over 
30 yrs. is reduced but 

more of it is placed at 
the first of the period. 


roads can only be achieved by improving 
the transport planning in subdivision 


design. 


Canadian programme 
similar to the U.S. 
T.0.P.1.C.S. but with 
emphasis on computer- 
ized control and less 
benefits because 
Canadian operations 
start from a better 
base. 


benefits from change in city form grain and 
activity distribution and furthermore trans- 
port will properly be only one of a number 
of considerations in making such changes. 


counting, 


Unlikely to be achieved at 


all fully because of 
institutional inertia. 


project. 


plored in a preliminary way 
in the first phase of the 


thus subject to greater un-— 
certainty than others. 


These results are 


realized but rather used to 
increase social benefits, 
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To appreciate the flexibility of the potential use of 
these benefits, one must appreciate that essentially 
they are not increases in the G.N.P. They are just the 
reverse. They are savings and one way of utilizing 
them, at least in part, is as savings which, in effect, 
reduce the G.N.P. There are a number of other ways 

in which the benefits may be employed: 


- cost of production may be decreased and the 
products, thereby, made more competitive 
internationally, which, in turn, will re- 
Sult in greater output. 


- benefits may be distributed in the normal 
way to the populus, who will use them to 
acquire more goods and services, including 
MOFeLELANnSpoOr ty 


- benefits may be distributed in a special 
way to the populus, so as to solve some 
special social problem, such as unemploy- 
ment or immobility of the disadvantaged. 


- a combination of the above. 


The measures which have been found to be most effec- 
tive in attaining better economic efficiency are the 
following: 


- improve the spacing and pattern of arterials 
and freeways. Transportation corridors and 
improved planning are the most effective 
methods of achieving these improvements. 


= new technology. 


- consolidation of trucking and improvements 
of shipping-and-receiving facilities. 


- improvement in traffic operations, includ- 
ing particularly, computerized controls. 


IMPROVING SOCIAL EFFICIENCY 


Not only may the economic efficiency improvements be 
used for social purposes, but also there are a number 
of the proposed transport changes that make substan- 
tial, direct contributions«to secvaibigoals. 
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The reservation of transportation corridors can 
achieve a major environmental improvement by avoid- 
ing community disruption due to transport faclizvey 
construction and by removing noise and air pollution 
from residential streets. 


New technology also holds the possibility of major 
environmental improvement by the removal of noise 
and air pollution. 


Improvements in the spacing and pattern of freeways 
and arterials and traffic operational improvements 
are the most effective means of Saving unpaid travel 
time and improving accessibility. The freeway 
features which have caused public objection may be 
Overcome by a combination of transportation corridors 
and improved environmental design of facilities. 


Urban transit bears special mention in this connec- 
tion, because transit, including both operations and 
new technology, is the only means which can be made 
applicable directly to one of the most Significant 
social problems associated with transport, namely 
the relief of the transport disadvantage experienced 
by those people who, through poverty or driving dis- 
ability, are placed at a disadvantage by our present 
urban transport systems. 


INTERACTION OF LAND-USE AND TRANSPORT PLANNING 
Ancona chai lentes. SlindinalN ie oDsapatiia 22 SNE way Ae” Dodane intel clabaabenbnchiboed 


There is clearly a vital interaction in the effects 
of land and transport development; and a similar 
vital interaction is certainly desirable in land use 
and transport planning. 


Downtown Re-development 


The downtowns of most North American cities have been 
approximately stable in employment, population and 
person trips for the past 20 years. Population and em- 
ployment growth has been rapid only in the suburbs. 


"Strangled" is rather too severe a term to describe the 
effect of congestion upon downtown but there is little 
doubt that traffic congestion and high land prices con- 
tributed to the retardation of downtown redevelopment. 


The downtown congestion problem is the result of many 
factors including: 


- narrow streets inadequate for use by modern 
goods vehicles. 
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- through traffic growth, declining vehicle 
Occupancy and diversions from transit to 
auto. 


- pedestrian-vehicle conflicts produced by 
traffic.growth. 


- illogically priced parking,resulting in 
cruising in search of parking and/or in- 
adequate supply of parking. 


- comparatively small sized land holdings. 


- obsolete truck docking and shipping-and- 
receiving facilities. 


The tools for solving this downtown transport problem 
are becoming available but their effective application 
requires redevelopment. Such redevelopment need not 
require long term subsidy but it will require imagina- 
tive and dynamic action with regard to both transport 
and the other essential elements of such redevelopment. 


Transportation will play a key role in such redevelop- 
ment and, in particular, the following transport devel- 
opments require careful planning attention: 

- improved shipping-and-receiving facilities. 


- consolidation of trucking. 


- new technology for downtown circulation 
systems. 


- pedestrian grade separations. 
- rationalization of parking prices. 
- rationalization of peak hour road use pricing. 


- street arrangements to facilitate transit and 
traffic operations. 


24.4.2 New Development 


Some of the greatest long run economic and social 
benefits which we have identified are through improved 
new development planning, so as to optimize the spacing 
and’ pattern Of arterials and freeways... 9. an 
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One of the most effective methods of achieving long 
term improvement of spacing is to reserve wide trans- 
portation corridors for use by all types of transport 
facilities, including transit, pipelines and power 
lines, as well as arterials and freeways. 


In the few instances where transport planners have 
provided unusually wide street or highway rights- 
of-way (for example Portage Ave. in Winnipeg and 401 
in Toronto) they have been a great blessing later 
when widening is required. The concept of transpor- 
tation corridors is to reserve systematically, well 
ahead of development, corridors for roads and other 
transport facilities. - 


Corridor reservation avoids the destruction of build- 
ings and avoids the painful dislocation of people and 
communities. These wasteful practices are one of the 
principal deterrents to the supply at present of an 
adequate freeway system. 


To make transportation corridors a reality it is 
necessary: 


- to improve planning techniques. 


- to provide a legal mechanism for corridor 
reservation. 


and at one time only 


- to supply a revolving fund for purchase of 
property as required. 


24.4.3 City Size 


Although the project terms of reference clearly ex- 
clude evaluation of optimum city size, nevertheless, 
the findings regarding transport cost variation with 
city size are so spectacular that some comment is 
required. The following is heutral path data.for 2001: 


CLES. 2E ANNUAL PER CAPITA TRANSPORT 
(millions COST IN DOLLARS 

of inhabi- 

tants) PEOPLE GOODS TOTAL 
0.29 293 167 460 

i OB 332 235  _. 569 
5.56 460 538 998 

NOTE: - excludes other urban travel and access roads 


which are included in table L3to 
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This Spectacular increase of transport cost with city 
Size is only part oe the story because: 


- in the Landes cities there is substitution 
of urban transport for inter-city transport. 

- in the larger cities people choose to 
travel farther, even though they could use 
shorter trips. Presumably they receive bene- 
fits from the longer trips which are at least 
equal to the extra cost. 

- part of the increased transport cost is the 
price paid for greater accessibility. 

=— some Of tne: cost*=anethevlargeycitiesvis 
moving goods which are consumed in smaller 
cities. 


The tools which have been developed on this project 
could be usedistor ysumthemereserach on this topic, but 
it should be pursued as multi-disciplinary research, 
considering not only transport, but also other factors 
which vary with city size. 


‘MOVING PEOPLE, SERVICE VEHICLES AND COMMODITIES 


Moving people is an important part of urban transport. 
It consumes about half the annual urban transport 
dollar. Over the past 25 years transit has declined 
from 210 rides per capita per year to 60 rides per 
Capita and person travel by auto has increased accord- 
ingly. Transit now accommodates less than 10% of the 
urban people movements. Transit currently faces 
serious problems of declining service and patronage 
and increasing costs. We predict that measures cur- 
rently forseen and expected will bring help to transit 
to<the extent of ‘holding “current ‘patronage levels. 
Some further gains can be made through further opera- 
tions improvements, but a substantial return to transit 
will only be achieved through new technology which 
does hold this’ possibilty... “In'*planning future 
assistance to transit for moving people, however, we 
consider that the point most needing emphasis is that 
the social ends being sought through transit must be 
clearly identified. If a social need is clearly 
identified, such as for example, access to employment 
for a certain low income group, or access to amenities 
by the aged and infirm, or access to schools, then 
these can be rationally evaluated, solutions develop- 
ment and appropriate finance arranged. 


Moving service vehicles has not been given sufficient 
attention as part of urban transport. Ambulances, 
fire trucks, power and telephone repair vehicles and 
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the like, unlike people in autos, have no alternative 
but to use the roads. The peculiar needs of these 
service vehicles should be given more attention in 
urban transport planning. 


Moving goods or commodities absorbs almost half the 
urban transport dollar. Most of the economic bene- 
fits which we have identified, through arterials and 
freeways and corridors, for example, are gained 
through improved goods movement efficiency. In addi- 
tion, there are a number of specific improvements for 
commodity flows which merit careful attention. These 
include: 


- consolidation of trucking, shipments and 
terminals. 


- improved shipping-and-receiving facilities 
and paper work. 
\ 


24.6 GOVERNMENT AND FINANCE 


Questions of government and finance are not strictly 
within the scope of this project. Nevertheless, some 
items, which have an important bearing upon govern- 
ment and finance, have come to light during the course 
of the study. These are, therefore, only mentioned 
here to point out items requiring further attention. 


At present there tends to be a wide divergence between 
the recommendations resulting from engineering and 
economic studies and the action which is actually 
taken. Part of the reason is that government organiza- 
tions have difficulty in being sufficiently flexible 

to adapt to the expanding geographic area and long 

time span which need to be considered if long term 
urban transport benefits are to be achieved. 


Canada has taken some world leadership in developing 
regional governmental structures and it appears that 
moves even further in this direction are required for 
efficient and effective urban transport planning. 


It has become popular to talk about the finance of the 
municipal government's share of urban transport expen- 
ditures, as being a major problem * beyond the muni- 
cipality's financial capability. There appears to be 
a need to re-evaluate the finance of urban transport. 


- * See for example the Canadian Federation of Mayors 
and Municipalities First Canadian Urban Trans- 
portation Conference, Feb. 1969 "Regional Study | 
Papers" pll6 and elsewhere in "Proceedings" and” 
"Regional Study Papers" (15). 
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One thing that stands out clearly is that the road 
user is willing to pay the full cost of very good 
road facilities. All he asks is for some govern- 
mental machinery to allow him to buy what he wants. 
Possibly the sharing of costs by several government 
levels is a part of the problem and a change in the 
taxation structure is what is needed. Transit 
finance is~in a much different situation. There, 
the user is not willing to pay the full cost and 
what is needed is a careful evaluation of the social 
goals and benefits, so that more rational facility 
designs and financial participations may be devel- 
oped. 


RESEARCH PROGRAMMES 


The results of this project may be used to ration- 
alize a comprehensive programme of urban transport 
research. We have demonstrated this by developing 

a preliminary research programme priority matrix, 
using anticipated benefits and probabilities on each 
particular programme to calculate a relative priority. 


Some of the particular research items which have been 
identified during the project are as follows. This 
does not proport to be a comprehensive list: 


Develop Social Indicators 
The important social factors may be approached tech- 


nically, either through welfare economics or through 
social indicators. The social indicator approach is 


‘considered the most promising at present, because it 


should be able, most quickly, to re-establish the 
essential dialogue between technician and politician. 
The function of social indicators may be to fill the 
time gap until analytical sociology and economic 
analysis are developed far enough to deal with these 
problems. Therefore, this project has used an embry- 
onic social indicator approach. But, priority needs 
to be given to research into quantitative social indi- 
cators relating human goals and the quality of the 
living environment. 


The full force of our present inadequate ability to 
make social evaluations is felt when one realizes 

that at present there is no way of determining whether 
community A is better or worse than community B, from 
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the viewpoint of total human habitation. In the final 
analysis, land and transport planning practices are 
based upon the intuition and personal judgement of a 
few people. It will not be possible to develop a more 
scientific planning process until a body of empirical 
data can be produced which quantifies people's reac- 
tion to various living and transport possibilities. 


Evaluate Transit's Social Impact 


Possibly the most striking need for social research 
is in the impact of urban transit. The benefits to 
be derived from improved transit are largely social 
benefits to specific sectors of the community - in 
particular, the poor, children and inform, who do 
not have access to auto transport. Some very costly 
new transit schemes are completely ineffective in 
helping these community groups who need it most. 
thus, research is needed to evaluate the social im- 
pact of various transit proposals upon the several 
significant community sectors, particularly the dis- 
advantaged. 


Develop Experimental Neighbourhoods 


The factors influencing the character of residential 
neighbourhoods include: 


- building codes and other regulations. 
- land subdivision practices 
- existing and expected transport. 


The only way to improve cities is through new or re- 
developed residential neighbourhoods that provide a 
better living quality. This improved living quality 
is possible through an improved combination of a 


number of elements, including transport. But, we 


must be able to positively identify a “better" neigh- 
bourhood when we achieve it. This we cannot do at 
present. The most direct research approach to this 
problem might be to design and build a series of ex- 
perimental neighbourhoods under carefully controlled 
conditions, so that valid measurement may be achieved 
of the cost (capital maintenance and operation) and of 
the social value and of the public reaction. Some 
present neighbourhoods would be used as control areas 
for comparison. The market response and user atti- 
tudes could then be used to measure quality. 


The following transport proposals lend themselves to 
testing in this way: 
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Access road standards changed to decrease 
cost, but combined with imaginative drain- 
age and landscaping schemes. 


New Neighbourhood Transit Systems such as 
dial-a-bus or dynamically programmed jit- 
neys or rented mini-autos. 


Simulated Inter-Neighbourhood Transit System 
Some outstanding features of an experimental 
neighbourhood might be dependent upon the 
characteristics of a new or improved inter- 
neighbourhood transit system. It would not 
be practical to build a complete city wide 
network of inter-neighbourhood transit links 
for a test of one neighbourhood, but it 
would be possible with careful selection, 
design, and somewhat higher cost, to simu- 
late the characteristics of such a system 

as perceived by the residents of the experi- 
mental neighbourhood. 


24.7.4 Commodity Flow Research 


2a0) 505 


Urban goods movement is a seriously under-researched 
topic which merits development, particularly of the 
following subject areas: 


improved shipping-and-receiving facilities. 
improved trucks. 

consolidation of * trucking * 

consolidation of shipments. 

consolidation of terminals. 

eLrucking-eosts: 


commodity flow demand. 


Develop Transportation Corridor Design Techniques 


In order to develop transportation corridor design 


techniques,. it is suggested that a pilot programme 
be initiated to design in some detail, transporta- 
tion corridors, for two specimen Canadian cities. 
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The research on arterial and freeway spacing which 
has been initiated under this project needs to be 
pursued further and this might be done either as 
part of a corridor research project or independently. 


Develop Land Economics 


The discipline of land economics is not able to con- 
tribute as it should, to urban transportation plan- 
ning, particularly in the issue of land value as it 
relates to land price, accessibility, and governmental 
action, including transport corridor reservation. 
Priority needs to be given to research on these re- 
lationships based upon empirical Canadian data. 


Improve Transport Models 


The most promising current development in urban trans- 
port planning models is in the application of systems 
analysis techniques which segregate transport costs 

by all meaningful breakdowns (people and goods segre- 
gated, for example) and give evaluatory information 

in terms of both economic and social indicators. 

This method was employed on this project, but it 
would benefit from much further development. 


Pilot urban planning projects might be initiated with 
the special objective of the development and testing 
of improved systems transport planning models. 


Such techniques would need to consider social evalua- 
tion by sectors of society. At the national level 
there are special concerns affecting transport plan- 
ning, namely: 


- regional disparities 

- national vehicle safety standards 
- national manufacturing standards 
~ the supply of data 

- research coordination 


These point to national interest in the structuring 
of urban systems transport analyses methodology. 


City Size, Shape, Grain, etc. 


These topics have been considered to some degree in 
this study. Indeed, in section 24.4.3 some sugges- 
tions are made concerning research on city size. The 
project has also found that a circular shape is the 
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most efficient for transport and that there appear 

to be transport benefits from finer grain. These 
appear to be promising subjects for further research 
but it would be a mistake to try to optimize city 
character only from a transport viewpoint. There- 
fore, this city character research needs to be under- 
taken from a broader viewpoint with transport as one 
important element. 


New Technology 


There are Significant opportunities for benefits in 
both social and economic efficiency, through new 
urban transport technology and, therefore, this is 

a potentially fruitful field of research, which could 
be approached as a continuation of that done in this 
project. 
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TRANSPORT IMPROVEMENTS 


The purpose of this appendix is to present a theoretical 
expression of the relationship between transport improvements 
and changes in welfare. The methodology of the analysis is 
based on indifference curves analysis developed by Sir John 
Hicks.* The method of two commodities analysis is used and 
the possibility of its extension to n commodities is accepted 
without further proof. ie 


The analysis is focussed on the position of an individual 
making his locational choice. It is assumed that the indi- 
vidual has a certain budget allocation for the costs of 
Maintaining a satisfactory habitat. This budget is spent in 
Such a way as to maximize the individual's satisfaction from 
his residential choice. Of all items which enter into his 
"total satisfaction from residence" we single out two - living 
Space and accessibility - as the most relevant ones for our 
analysis. We assume, therefore, that an individual would 
have a special utility-from-accessibility function (f(a) ) 
which is inversely related to the time necessary to travel 
from his residence to places of interest; and utility-from- 
living space function (f(1)) which is inversely related to 
density of population in an area. Both the accessibility and 
living space functions are increasing functions subject to 
saturation constraints. 


Residential property values are assumed to reflect the desire 
of individuals to maximize their accessibility and living 
space utilities. The cost of residential properties can thus 
be considered as consisting, implicitly, of two cost com- 
ponents, one associated with accessibility, and the other 
associated with living space. 


The costs of accessibility can be described by a function 
c(a). The indéx measuring the costs of accessibility is the 


* J. R. Hicks, Value and Capital (88) - 
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part of property value related to the time-distance point 
of interest. 


The cost of living space is described by the function c(c) 
which relates living space to costs net of location 
function. Given c(a) and c(1) it is possible to calculate 
cost ratios of availability of living space and accessi- 
bility, fay; - Given FCI) and ta) at 1s possible to. con= 


struct the individual's preference map - (Fig. Afl). On 
this map each line 1), 192..... represents the combinations 
between benefits of living space and accessibility which 

the individual considers to be equivalent. i, is considered 
to ‘be “preferred to 17. * Given the bugger of ef individual, 
ive. the part’ of his income which he decides to spend,on 
the costs’ of City Pevind, othen tie Ya/j line may be con- 
structed and the individual's optimum point, can be derived. 
This point @S"“tne pornt of tandgency. Ofnwthie Yas) line and | 
the highest i curve which he can achieve given no income 
limitations (i.e. Yag,,lines represent both budget limita- 
tions and price ratios). In the case represented in our 
diagram this point is Ej. Now, let us assume that due to 
transport improvement, the trip which used to take him 60 
minutes, i.e., that the benefits of accessibility have 
improved for him, and also that at the same cost he can move 
user to.a higher .point..on, f(a), axis. This, is equivatent to 
an improvement of his welfare if, and only if, the actual 
adjustment of his position took place. But even if no ad- 
justment did take place he would still be better off (see 
Fig.. Af2)..,,, By. not: moving, to,a.datfrerent’ positions which 
would give him 0l5 living space and 0aj accessibility but 
preserving his previous position he would finish with 01}, 
(as before) living space and 0a3 (less than 0a5) accessi- 
bility...) This,would puts him; on: ‘15. curves instead, of; avyhigher 
13; line... This.is.equivalentyto: an, incomeliancrease: from 
Why? The costs of 


Fa/1- to Taf rather than to “afl The 
moving etc. fay exceed his gains Ona NEw pPOSLUELON <1) in 
fact, we may expect a mixture of situations - some persons 


moving, some staying put - thus the "real income" gains 
would likely be somewhere between the movement to the high- 
est possible curve and iy curve on our Fig. Af2. 


This analysis can be generated to a greater number of 
factors. 


The consumers' welfare function can be represented in in- 
come; without this improvement he would have to spend more 
to move within 30 minutes to his centre of interest while 
enjoying the same living space. However, two factors are 
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FIGURE Afl 
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operative here: 


(i) income effect, or the effective increase 
in "real income" 


(ii) substitution effect. Since accessibility 
is now "cheaper" in real terms, more of it 
is likely to be consumed if the substitu- 
tion effect is "positive". 


Diagramatically, the income effect is represented by EVE, 
vector, and the substitution effect by ELF 5 vector. The 


total effect of adding £,E,.. and Ey, ED is a move.to- 
ward higher consumption of accessibility and living space. 
A move from E, to E, represents the improvement in the con- 
sumer's welfare, equivalent to income improvement which is 
represented by a parallel move of Lass line to Tas: 


A word of caution must be interjected here: the city 
dweller would achieve the maximum improvement of his general 
terms as 


£4 (x) + £5 (x9) + f's(5)} a hy to be maximized sub- 


ject to the income constraints, and costs functions. Changes 
in transport conditions in all cases result in income effects 
and substitution effects. 


This approach, although somewhat different, is consistent 
with that adopted by Lithwick and Paquet*, and also adopted 
as a starting point for their urban land use investigation 
the following model of consumer's behavious: The consumer 
1S supposed to maximum objective function Ls f£.(L5, Tis C;) 


subject to income constraint Y. = P_I. + i 
! : i Lei Pols + PoC; where 1 

represents the ith individual, L,is cHe-guamercynor land 

used by i, T, is the transportation Input Cc. isa composite 


commodity = alt commodities consumed by i excluding land and 
transportation, P the price of relevant We) 24 iy aig f,is the general 


representation of the utility fUunCTLON ee Ut eise the qh indivi- 
dual's income. - 


The difference between ours and the Lithwick-Paquette approach 

is that we assume individual's utility or welfare being related 
to his accessibility (l.e€., reciprocal of time Spend on trans- 
portation), rather than to transport input; transport input is 
considered here only as a cost of achieving maximum accessibility. 


* See Lithwick and Paquette; ref. (53), pha. 
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FIGURE Af2 
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LAND USE MODELS 


B.1l INTRODUCTION 
Bez SALIENT PROBLEMS OF URBAN MODELS 


B.2.1 Interaction Between Land Use and 
. Transport Systems 
Byz.ae LOCatLOn, Theory 
B.2.3 Activity Distribution.Or Area 
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B.3 CURRENT LAND USE MODELS 
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Retail Trade 
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General Descriptive Models 
Equilibrium and Growth Models 
Market Models 
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LAND USE MODELS 


INTRODUCTION 


Land use models describe future land use distribution. 
The acceptability and relevance of land use models 
depends on the state of the art, which is currently in 
a period of rapid evolution. This appendix makes a 
broad evaluation of the current situation and future 
expectations. 


Broadly speaking, land use models play two roles in 
transportation planning and evaluation. A third role 
may develop in the future. 


The first role (General Projection Models) is quite 
conventional and continues to be of major importance. 
This is the bread and butter function of predicting 
land use patterns and occupancy, to be used as inputs 
for the transportation planning process. 


The second role (policy Sensitive Projection Models) 
is closely related to the first, but differs from it 
in that the models used are more sensitive to policy 
inputs and in particular to transportation policies. 
Such projection models can therefore hopefully be used 
to project the impacts of transportation plans on land 
development. This lays the basis for further refine- 
ment of the transportation planning process and at the 
same time for evaluating transportation plans in terms 
of their impacts on land uses. 


The third of the forseeable applications for land use 
evaluation models will be to combine some aspects of 
projection with selected aspects of evaluation, and 
thus to provide powerful means of measuring the im 
pacts of total plans on the resident population. 


SALIENT PROBLEMS OF URBAN MODELS 
The essential character of land use models is that 


they are locational and therefore partake of many as~ 
pects of location theory. 
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This theory is a branch of economics or economic 
geography, and consequently makes use of economic 
concepts having to do with the costs of inputs to 
production and consumption processes and the costs 
of transportation which are necessary to bring to- 
gether the factors of production and consumption. 
In this context it follows that transportation 
inputs and interaction costs are an important part 
of all land use modelling. 


B.2.1 Interaction between Land Use and Transport Systems 


A serious problem exists in using land use models 
for predictions of the impact of transportation 
System on development pattern due to mutual inter- 
actions of the two: the land use development pattern 
determines the demand for transportation, while at 
the same time the demand for transportation, given 
the state of the system, determines congestion, 
quality of service, etc. which in turn affect the 
land use pattern... Incstatieranalystasthissnproblem 
may be handled by specifying either the transporta- 
tion system or the land use pattern and investigate 
_ the effects of changes of eithéry -Alternativély, 
the transportation system may be specified in terms 
of level. of service which ide webleprovide ratios 
than in, terms, of,,fixed-facisi piesa jeThietanpraach, 
however, would make an overall optimization analysis 
impossible. The most satisfactory solution would be 
in terms of a dynamic model with the inter-actions 
of land use and transportation and feed-backs and 
time-lags specified in the structure of the model. 
Such models, however, have not been fully developed, 
even. in_a, theoretical monmntatet alonestinea thomm 
capable of quantative testing, although some useful 
empirical work in this direction must be noted. 
(See para. B.3.6). 


If this is done, the size of the facilities required 
to meet a given level of service is an output rather 
than an input, and this makes a financial or economic 
evaluation very difficult. The circularity problem 
can theoretically be overcome by dynamic interaction 
between transport and land use models (i.e. iteration). 


Bi2Zucs HOCALLOM Theory 


There are a number of major distinctions between con- 
ventional locational theory and locational theory as 
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it is or could be embodied in models of urban metro- 
politan areas. In the first place, most locational 
theory applies to the location of industry rather 

than of households. This means that urban location- 

al theory must develop or utilize theories of consumer 
behaviour which do not form part of conventional loca- 
tional theory. In the second place, many of the hypo- 
thetical decisions of conventional locational theory 

are all-or-none optimal decisions by all actors, such 

as’ the decision to buy a.particular product from a 
Single lower cost source. This type of theory.does 

not accord well with the observed behaviour of trip- 
makers or shippers in the urban area. In the general 
economic sense, the breakdown of this theory may be 

ater ibuted. to. product ditrerentiation;—Lrormwnrcn not 
wholly adequate theories of producer and consumer be- 
haviour exist. In the third place, the urban Situation 
is characterized by relatively intense competition for 
land as site. In much inter-regional industrial loca- 
tion, the cost of land does not ordinarily enter either » 
into theory or into, practical decisions. Within the 
city, however, the contrary is true. Since the deter- 
mination of the prices of land is essentially simultan- 
eous with the determination of location, a rather large 
problem of market simulation and optimization arises. 
This problem has been solved only in part, if at all. 
Fourth and finally, urban location phenomena are strongly 
influenced by economies and diseconomies of agglomeration 
-- that is, by "externalities". This influence is found 
in all location theory, but perhaps more acutely so in 
roar Locacrun. 


Appendix A gives a suggested approach to location 
theory considering the impact. of transport. . Much 
further empirical work is required before such a 
theory can be useful in land use modelling and it is 
possible that the living space-accessibility inter- 
relationship will be overshadowed by non-transport 
factors which make it practically impossible to obtain 
the necessary empirical data. 


B.2.3 Activity Distribution or Area Composition 


As Lowry points out in his paper, "Seven Models of 
Urban Development", (56) there seem to be in principle 
two basic styles by which simple projections of land 
use patterns can be made. A natural third style arises 
out of the possibility of combining the two processes. 
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We are looking generally at the problem of distribu- 
ting a number of activities such as residential, 
commercial and manufacturing land occupancy over a 
number of sub-areas, say transportation zones or 
census tracts. In each case, the units of activity 
and of area may be more or less disaggregated. We 
can and do look at these distributions from either 
of two points of view. One point of view is to con- 
sider the distribution of each activity over zones. 
In this case, we notice the peaking of commercial 
densities at the core, the peaking of residential 
densities around a small crater but near the core, 
outlying regional shopping centers, and the special- 
ized radial and circumferential distributions of 
manufacturing. A second view is to consider the 
composition of the activities which are located 
within each particular zone. Thus, we may find that 
a zone contains five percent commercial, thirty per- 
cent residential, zero industrial, and sixty-five 
percent vacant land. Combinations such as these 
tend to distinguish land in various locations within 
the city; the tract which we have just described is 
obviously a peripheral suburban zone, but possibly 
with an unusually high proportion of commercial 
activity. 


It is also especially instructive to consider these 
two views of the distribution of activities to areas 
Over time. The first view focuses on the relocation 
of activities. Over time we can obtain information 
about the decentralization of employment and resi- 
dences, the growth of suburban centers in a general 
way, and the like. From the second point of view, 

we focus mainly on the succession of activities in 
neighborhoods. These changes are equally important 
since they are related to the installation, obsoles- 
cence, and ultimate replacement or renewal of both 
public and private capital facilities. They are also 
related to the types of demands which are placed upon 
the transportation system and other public services. 


Also quite obviously these various analyses are re-. 
lated in very complex ways both within themselves and 
to each other. The decentralization of commercial 
activity is at least in part a result of the decen- 
tralization of residential location. ‘The transition 
of one zone into manufacturing land uses may be inti- 
mately related to the previous transition of an ad- 
jacent zone. Also important, the relocation of 
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populations obviously influences the composition of 
zones, and is in turn influenced by this changing com- 
position. Thus for example, the growth of middle- 
class residential location in the suburbs may be in- 
ternally determined as a response to increasing income 
and mobility, .or it may .be externally determined by the 
changing industrial and demographic composition of 
zones lying closer in. In the ideal and completely de- 
veloped model, all of these interactions would be real- 
istically taken into account. 


It has turned out in practice that model builders have 
tended to emphasize one or another of these two main 
aspects while taking account of the other aspect only 
to a minor extent. A more complete discussion of this 
problem will be found in the reference work by Lowry 
(56). Most present models find their motive power in 
the redistribution of activities and the composition of 
areas is an output resulting from that redistribution. 
Composition as a causative factor enters into such 
models mainly through a definition of maximum densities 
and segregation of land uses. This approach to the 
interaction between area composition and locational 
preferences is perhaps unfortunate, since it is well 
known that densities and intensities of development 
respond in fairly sensitive ways to the pressures of 
development, while locational preferences and distri- 
butional patterns for subsectors of the population 
seem in their turn to depend in a sensitive way on the 
presently available choices of densities. 


CURRENT LAND USE MODELS 


There is a long and respectable history of the descrip- 
tive modelling of urban development patterns. We omit 
any detailed consideration of the theories or princi- 
ples involved in these models, and simply refer briefly 
to the existence of operational methods for making land 
use projections. 


Residential 


The first of such models, still quite viable, are the 
methods which were used by the Chicago Area Transporta- 
tion Study to destribute future residential develop- 
ment. Somewhat similar, but distinct methods have been 
developed by Lowry in his "Model of Metropolis" (57) 
and by Lathrop and Hambury for the New York State 
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‘Division of Highways' Niagara Frontier Study (see 


Journal of the American Institute of Planners, May, 
1965 (58)). All of these models require as input 
some definition of holding capacity of areas. None 
of them distinguish between different classes of the 
population, such as may need to be distributed for 
the realistic estimation of transportation demands. 
fnxtheveventsthat® thecdistrrbutton of*population: to 
dwelling units by income and family size is re- 
quired, special methods of matching the population 
to the projected residential facilities must be pro- 
vided. This is usually done by relating household 
characteristics to districts, but’ there is no very 
well defined model for discharging this task. In 
addition to these largely descriptive models of resi- 
dential location, some effort has been made to de- 
velop more analytic and economically based models of 
residential choice. The most ambitious of these 
models have been based on the preference concepts 
developed by Alonso, Muth and others and embodied in 
particular in the Herbert-Stevens model. On the 
Supply side, the Arthur D. Little Company explored 
the provision of housing in the San Francisco market 
area. Most models of these types are very promising 
in the long run, but seldcr exist in immediately 
usable form. 


Retail Trade 


In the field of retail trade location, there are two 
or three broadly competitive types of descriptive 
models. The simplest is probably that embodied in 
the Lowry "Model of Metropolis" parallel with resi- 
dential location and depending strongly on trans- 
portation modelling concepts. In this case, retail 
trade trips from home are distributed in accordance 
with a modified gravity model formula which varies 
for different lines of business. It may be import- 
ant«to4notéegthathan -attractoratior such*tripssiswand 
area rather than trade opportunities, and thus the 
iterative character of the next few models to be 
discussed is side-stepped. There is some iteration 
in that Lowry sets minimum sizes per square mile for 
certain:types of retail-trade*clusters and at least 
one iteration must be used to see whether these 
threshold sizes are or are not achieved. Simple con- 
cepts of gravity model retail trade distribution have 
been discussed by Huff and have been developed into 
models by Lakshmanan and Hansen, Harris, and Fidler. 
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All of these models imply in some sense a balance be- 
tween supply and demand and must be iterated as a 
method of solution. Possible iterations over time 
have a different meaning and are discussed below. 


A very different approach based on the utilization of 
central place theory has yielded excellent descriptions 
of retail trade distribution. These methods have been 
developed especially by Brian Berry and his school, and 
are well discussed in the monograph, "Commercial 
structure and™=Commercial Blight” (59) .- As tar as can 
presently be determined, this elegant system of analy- 
sis is basically unsuitable for making projections, 
Since it requires a predetermination of trade areas. 
puch traue areas, alunougn Overiapping, ball more or 
Tepe, hWatucally OUCsOL Giles operattan Or che moug ls” de— 
scribed in the preceding paragraph. 


Ofnice. ana [mst LeucLona lL 


The location of many offices and their associated 
services may conceivably be regarded as branches of 
retail trade and may at least be projected through the 
use of the Harris model above. The reliability of such 
projections is probably questionable, and it must be 
recognized that no very good models presently exist 

for determining the future relative importance of 
central c1ty Office centers, suburban office centers, 
ana “dispersed orrice location... In= this; connection 1t 
may be suggested that many important locators, includ- 
ing government and institutional employers, must in any 
event be predicted on the basis of planning considera- 
tions rather than market-type models. 


Similar considerations apply to a number of other 
public services and especially to the provision of 
public open space, which is a considerable consumer of 
land and generator of trips, even though it has low 
employment. It seems possible and likely that more 
market-oriented methods of locating public facilities 
such as open space will be developed in the next few 
years and that a combination of public policy and 
private demand may be predicted as influencing this 
Location; 


Industrial’ Location 


Industrial location has in recent years proved very 
difficult to model. The classical organization of 
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industry is undergoing a number of technological 
changes, and the relative importance of various in- 
puts such as land and skilled labor appears to be 
changing. Predictions as to the future impacts of 
manufacturing industry in the nation as a whole and 
in any particular region are becoming somewhat more 
uncertain, but this impact probably strongly in- 
fluences the likely Local ton or .indus¢erial acuivity 
within the metropolis. Analytically we must contend 
with the slow adaptation of industrial location to 
change, and with the short history (ten to twenty 
years) of the massive recent changes which seem to 

be taking place. While it seems likely that policies 
in transportation and changes in other land uses will 
influerice “industrial tocation,.tt \1s not.«at all clear 
that enough data are available to be able to sort out 
the influence of these factors in such a way as to be 
able. LO. cONStLUCe adetodel i. It Loree releat Chat 
the equilibrium tendencies of manufacturing industrial 
location if they exist are even more obscure and dif- 
ficult to model than the trends. Some indications 
are available that these difficulties may gradually 
be overcome; see,for example, the work of Putman in 
Pittsburgh. Meanwhile, the existence of strong zon- 
ing policies in relation to manufacturing location 
suggests that some such location may be projectable 
without the use of a model. This is especially true 
Since the control over the location of manufacturing 
industry appears to be less subject to political 
erosion than parallel controls over commercial and 
office location and residential densities. 


General Descriptive Models 


Owing to the comprehensive informational needs of 
transportation studies, there have been a number of 
efforts to develop comprehensive descriptive models 
which deal with all types of location. A few of 
these, are discussed briefly at this. point. and. further 
references will be made in the next section. 


One such descriptive model deserves particular mention 
for certain distinctive characteristics; this is the 
EMPIRIC model developed by the Traffic Research Cor- 
poration (now Peat, Marwick and Livingston) for the 
Boston Region. This model deals explicitly with the 
Change in the location of all significant employing 
and residential groups, and it regards this location 
and relocation as an interactive process which is con- 
trolled partly by the pressure for expansion, partly 
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by competition, partly by the interaction between 
location groups expressed through accessibility 
measures, and partly through considerations of density, 
amenity, and public policy. This model has very inter- 
esting properties; their meaning is not always alto- 
gether clear. The calibration of the model requires 
detailed information for two points in time, which has 
proved difficult to secure in practice. 


The Lowry “Model of a Metropolis" lends itself to ex-. 
pansion in a comprehensive form if provisions can be 
made for locating so-called basic industry. This 
model has been expanded in this way in a number of 
places, one of the more ambitious efforts being the 
BASS family of models, the title of which refers to the 
Bay Area Simulation Study. These models have been 
utilized in a somewhat different form by the Bay Area 
Transportation Study Commission under the title of 
"PLUM". A still different development is mentioned 
below. 


Equilibrium and Growth Models 


There is inherent in various modelling efforts a dual- 
ity in the attitudes toward urban growth and form. 

Many of the models imply some sort of equilibrium. 

Such models include the original CATS Land Use Model, 
the Lowry model, the various retail trade models dis- 
cussed above, and many others. Such equilibrium models 
can in principle be used at any future point in time 
without regard to the intervening events, From this 
point of view, therefore, they are very useful for ex- 
ploring some of the long range implications of urban 
policy and taking a "snapshot" of the implications of 
possible future development patterns. They are, on the 
other hand, not very useful for exploring the impli- 
cations of short range stepwise development, For this 
latter purpose, it is considered stylish to have avail- 
able in some form a model or collection of them which 
may be considered in some sense a "growth model". Such 
growth models generally make it possible to project the 
future development of a metropolitan area (under alter- 
native policy assumptions) in increments of five or ten 
years. This procedure has a number of possible advan- 
tages, both analytical and technical. On the analytic 
side, more information can be gained about the sequenc- 
ing of public investments and other implications of a 
planned course of development. On the technical side, 
the steps in the recursive model provide a more or less 
automatic way of dealing with the interactions between 
the different activities and thus to some extent may 
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substitute for iterative solutions to equilibrium 
problems. 


The family of growth models includes many extensions 
of the equilibrium models previously discussed. Thus, 
the Time Oriented Metropolitan Model (TOMM) developed 
by CONSAD Research Corporation for the Pittsburgh 

CRP is an extension of the Lowry model into a growth 
model with some allowances for residential prefer- 
ences. The Penn Jersey Transportation Study original- 
ly proposed to use the Herbert-Stevens model of resi- 
dential location in a growth context. The actual 
Penn Jersey Activity Allocation Model used the Harris 
Retail Trade Model in a growth model context. There 
is reason to believe that the EMPIRIC Model and 
Similar growth models like the Penn Residential Loca- 
tion Model have equilibrium concepts embedded in 

them, although what is measured is a set of equili- 
brating tendencies, rather than equilibrium states. 
Finally, there are some models, such as the Lathrop- 
Hamburg Model, which do not appear to have any equi- 
librium implications at all, but which can respond in 
a growth pattern to repeated external impacts, in this 
case, new population. 


Market Models 


It appears likely that the next generation of land 

use models, some of which are currently under develop- 
ment, will contain a number of market models which 
will provide for still more penetrating analyses of 
locational patterns and their consequences. Market 
models may be distinguished according to whether they 
emphasize most strongly the supply side or the demand 
Side. 


The Arthur. D. Little model for the San Francisco CRP 
was primarily a supply-side model. Dealing as it did 
with the standing stock of housing in a large central 
city, it attempted to model changes in the housing 
stock which would result from entrepreneurial behavior 
when confronted by various levels of demand, and under 
alternative public policy assumptions. Many previous 
market models have dealt, in the field of housing, 
mainly with the supply of new dwelling units and not 
with changes affecting the supply of existing dwelling 
units, and this model represents an advance in this 
regard. It is, however, not fully operational and 
does not have any features relating to the transpor- 
tation conditions of the metropolis. It does not, in 
fact, deal with the whole metropolitan area. 


N.D. LEA & ASSOCIATES LTD. 


LAND USE MODELS Bpll 


The above-mentioned Herbert-Stevens model is essential- 
ly a demand model for residential housing and at the 
most takes for granted the supply of the standing 

stock and the entrepreneurial behaviour of the build- 
ers of new housing. It takes into account the effects 
of the transportation system by way of accessibility 
and within limits it deals with the interaction be- 
tween supply and demand through a linear programming 
formulation. This model has proved difficult to imple- 
ment because of problems in the necessary preference 
analysis, but it promises to provide a truly economic 
analysis of housing and land prices. 


The substantial advantage of market models which pro- 
perly take account of the influence of policy is that 
cvThney-CanP predict. not, only locations. but..also prices, 
and, they therefore provide an excellent framework for 
cost-benefit analysis. In this framework, a market 
model would permit the analyst to take into account the 
impact of improved transportation on lower housing 
costs or greater consumption of space or both. This 
type of improvement in models will represent a whole 
new level of efficiency analysis. 


The discussion so far has been restricted to residen- 
tial location because market models for non-residential 
location are much less completely developed. The re- 
tail trade models discussed above assume a type of mar- 
ket equilibrium, but the competition for land and the 
cost of land does not enter into the analysis because 
of the overriding ability-to-pay of most retail trade 
activities, This is a shortcoming which is evidently 
much more severe in relation to many other types of lo- 
cational behavior, There is a broad spectrum of manu- 
facturing, services, and office locations which are un- 
doubtedly influenced by the cost of space, but inade- 
quate work has been done on the various economic as- 
pects of this which need to be understood to make model 
building possible. 


It appears likely that, insofar as land prices, costs, 
and benefits have to be calculated, this will be feasi- 
ble in the near future only for residential location. 
Non-residential location will have to be handled mainly 
by descriptive models. 


APPLICATION OF LAND USE MODELLING IN URBAN PLANNING 


The question naturally arises as to how land use model- 
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ling may be used technically in urban planning, what 
type of resources are required, and how much flexi- 
bility is available to agencies in dealing with land 
use modelling problems. There are a few easily de- 
fined and fairly clear outstanding features of this 
problem which deserve mention. 


Land use modelling, except of the most elementary 
trend projection type, must proceed in a computer- 
based environment in which a large proportion of the 
technical staff has computer know-how and relatively 
extensive: technical” facilities are available. Most 
present land use planning staffs cannot be easily 
adapted to a computer-based planning activity and must 
be regarded as essentially an auxiliary task force, 
even though it may have a number of very important 
roles. 


Most land use models not only have a transportation 
bias, but also have been developed wholly or in part 
in connection with transportation planning, As a re- 
sult of both these influences, almost all such models 
have embedded in them concepts of aecessibitity ,.etrip 
attenuation, the friction of space, etc,., etc. They 
also have implicit concepts such as density which are 
frequently used in transportation planning but which 
are derived essentially from land use planning practice. 
Many, but not all, such models actually make use of 
standard transportation models. At any rate, the 
transportation planning concepts and methods are on 
the whole congenial to practice in this field. 


The data requirements of land use projection models 
are somewhat exigent. In selected cases, data col- 
lected for standard transportation Surveys may prove 
adequate. These selected cases involve a number of 
assumptions. 


- First, the methods used must require data 
for only one point in time, and consequent- 
ly must have to do essentially with equili- 
brium. This assumption probably proves 
least satisfactory in the case of manufac- 
turing employment and land use. 


- Second, economic models of locational be- 
haviour are ruled out because the ordinary 
transportation survey obtains inadequate 
information on the costs and condition of 
space. 
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- Third, the transportation survey is not 
regarded as wholly self-contained; it is 
on the contrary assumed that some sub- 
Stantial inputs as to land use, densi- 
ties, and employment location are availa- 
Die (aS JaSresuit OLreauxiwvany surveys. 


Data requirements for trend models, growth models, and 
economic models may be more extensive than those just 
outlined. _ Trendsprojections.atpleastvare likely to be 
neéded in relation to manufacturing employment, and 
this requires substantial additional information and 
analysis for checking purposes. Trend data might be 
desirable with reference to other lines of activity. 
For growth models such as EMPIRIC, very extensive and 
detailed information is required for all land uses for 
at least two points in time. Insofar as it is desired 
to make projections in fairly:considerable detail, 
models of this type may become very difficult to mani- 
pulate. The essential problem lies in finding infor- 
Mation on Economic activity by ismall-area location, at 
an earlier date which is conformable with population 
data. Economic models of consumer and corporate be- 
havior are also very demanding of data, but are more 
likely to require these data on a cross-sectional basis 
and can frequently be satisfied with sample information. 


Given a computational capability, transportation models, 
and adequate transportation and land use data, it would 
appear that a basis has been laid for land use models. 
Probably two other requirements are of major import- 
ance, and both of .these are, by virtue of the present 
state of the art, difficult to meet. 


The average transportation planning agency should have 
an off-the-shelf capability for engaging in, land use 
projections. In any case, one should not expect the 
average study or even most central agencies to have the 
innovative capability of creating such systems from 
scratch. This creates a dilemma, since most of the 
models which we have discussed above are not readily 
available in transferrable form, and some general capa- 
bility for adapting them at least must exist. This is 
a major shortcoming in the present state of the art, 
and there is no good indication as to when it will be 
cleared up. 


The second major problem arises from the nature of the 
sketch planning process itself, and from the types of 
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personnel which will be involved in it, This diffi- 
culty also implies that ultimately the tests which are 
being made are tests not only of the transportation 
plans, but also the associated land use plans. Most 
of the methods discussed require as inputs not only 
alternative transportation systems, but also some al- 
ternative views of holding capacities. In addition, 
it may also be necessary in selected cases to project 
the location of institutions, public facilities, open 
space, “did “the *liké® ft vis well known that at vice 
these types of independent projections are arduous and 
troublesome. TIt“is also known that the “lack 6fiice= 
ordination between land use plans and transportation 
plans may result in a misjudgement as to the costs and 
benefits of both of them. Finally, there are parti- 
cularly difficult personnel problems in that the 
people who ordinarily prepare land use plans, as sug- 
gested above, are not very well related to the com- 
puter-based transportation planning processes. There 
is thus in this area a cluster of problems of concept, 
technique, and personnel management which have not 
been solved and which are not immediately about to be 
solved. . 


APPLICATION OF LAND USE MODELLING IN TRANSPORT 
EFFICIENCY EVALUATIONS 


If the impact of changes in urban transportation is to 
be evaluated in terms of changes in land use such as; 
for example, changes in residential density, then dy- 
namic policy sensitive economics models are required. 
No very satisfactory such models have been developed 
and those which have been developed are very expensive 
to apply. It would be necessary for the ideal land 
use model to receive as input a description of the 
transportation and demographic conditions in a base 
year and from this to calculate for a future point in 
time, the area composition of land uses in each trans- 
portation zone including residential population, the 
housing condition, the employment and the land price, 
Theoretically, such a model might be used in dynamic 
interaction with the transport model to proceed step- 
wise through time perhaps on two or three year inter- 
vals, to forecast the future impact Of variations an 
transport policy. The present state of the art is not 
such as to make this procedure possible. Indeed, the 
basic required theory for such modelling has not been 
developed and there is a serious question if some of 
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the major determinants, such as zoning decisions and 
the locating and use of public lands, open spaces, etc. 
can in fact, be modelled in a useful way. 


Furthermore, even if the ultimate urban model were 
available, as explained in sections 10.4 and 10.5 it 
would obliterate most of the changes in efficiency 
created by transportation change and therefore, would 
not be useful in measuring efficiency improvements. 


There fore;,:for purposes: of ‘this ‘project, ‘the 2001 land 
use conditions have been forecast on the basis of 
trends, using the basic project assumption of unchanged 
overall densities and using a considerable measure of 
judgement. For further work, it would be desirable to 
test the sensitivity of the conclusions of the project, 
to various assumptions of possibly different land use 
development. 


B.6 POSSIBLE CANADIAN LAND USE MODEL DEVELOPMENT 


There has been very little land use modelling done in 
Canada, except by use of the projection trend technique. * 
U.S. experience in land use modelling is not directly 
applicable to Canadian conditions, because of differ- 
ences in policy and in zoning procedures and possibly 
because of some difference in living habits. Further- 
more, very little is known about the accuracy and reli- 
ability of the land use models developed in the United 
States for U.S. conditions. Neither do we know of any 
evaluation which has been done of the magnitude of the 
benefits to be gained from land use modelling. It is 
conceivable that improved land use models developed for 
Canadian conditions and applied in Canada would be of 
great benefit in the land use planning process, as well 
as in the transportation planning process and could 
lead to economies and improved efficiencies in our 
urban areas. This would conceivably be brought about 
through improved planning processes and through more 
rapid and better evaluation of various policy options. 
It is also possible that land use models, including 
economic evaluation features, could be used to curb 
land speculation and to provide guidance in the locat- 


* However, studies by Lithwich and Paquette should be 
noted. (53) 
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ing of government land banks and the determination of 
the amount cf land required in these banks at any 
time. Substantial amounts of money would be required, 
in order to adapt U.S. models to Canadian conditions 
and make them available to user agencies throughout 
Canada. 


If such a program were carried out with a modest 

amount of innovative effort, it might require a bud- 
get. in the order of half a midjlaocn doliars, say 

$100,000 per year, over a five-year paervod 2. 2inis 
should be regarded as a base cost, to which would 

need to be added any costs of developing substanti- 
ally new modelling or of training and assisting in 
making such programs operational with the user agencies. 


It is recommended that a pilot study should be under- 
taken, to assess in greater depth the costs and bene- 
fits and practical problems of such a land use model 
research and development program for Canadian con- 
ditions. | . 


SUMMARY 


Land use models are a minimum necessity for trans- 
portation efficiency evaluation because by some form 
of projection they establish future levels of demand 
for transportation. In the foreseeable future, 
economic evaluative type models may be developed which 
will make it possible to evaluate both transportation 
and land use plans more deeply. At present, there is 
a wide range of variation in the types of land use 
models which have been developed in the United States. 
Only the very simplest and most descriptive of such 
models are operational in a form which can be immedi- 
ately adapted for conditons in other countries, such 
as Canada. In general, these Simpler models also have 
simpler data requirements, but most of them need LaLrly 
detailed land use and locational information. Others 
also require data for two points in time. In general, 
the simpler the model and the less demanding its data 
requirements, the greater the presumption that its 
accuracy is not altogether adequate. 


The use of land models in the studies leading to this report 
has been minimal for reasons of cost, operationality, 

data requirements, and accuracy. It is believed, how- 

ever, that over the longer run there may be substantial 
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benefits which will accrue from adapting land models to 
Canadian conditions. A minimal effort based on adapt- 
ing existing models and excluding developmental work 

on new models is discussed and a rough estimate of cost 
is provided. 
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WELFARE ECONOMICS 


The problems which welfare economics attempts to solve are: 


(1) Analysis of social preferences in order to array 
the options according to a consistent pattern of 
desirabilities, e.g. option A being better than 
B; or, in other words, the society is better off 
adopting option A than B. 


(2) Analysis of indirect or "external effects". 


(3) Analysis of political and ethical content of 
economic statements. 


SOCIAL WELFARE FUNCTION 


The welfare function represents a consistent ranking of dif- 
ferent states of "welfare" or social preferences. Since 
modern western societies are built very much around the princi- 
ple of individualism, it is not surprising that modern wel- 
fare economics considers individual preferences as the start- 
ing point for the construction of a social welfare function. 


The basic postulates accepted by most of the western authors 
dealing with social welfare function are: 


(i) Each individual has his own set of preferences. 


O11) Each individual's welfare is optimized if he 
distributes the resources available to him in 
such a way as to reflect his set of preferences. 
In other words, each individual is best off if 
he can exercise his free choice in using the 
resources available to him (it should be noted 
that one.of the.resources:available to him is 
his time, which he also allocates between 
leisure, work, etc.). 


(Tit) ethie. sOGlal wellare £unction 1ssoptimized-1t 
individual welfare functions are maximized, 
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subject to corrections necessary through the 
inter-relationship between individual actions 
(e.g. an individual's satisfaction from house 
ownership may be enhanced or diminished 
through the changes made to the properties of 
his neighbours) and by communal action which 
may be necessary if the desirable results 
cannot be achieved through market mechanism 
(e.g. street lighting)..* 


The application of social welfare function analysis is the 

evaluation of a change - is a proposed change or government 
action justified? will it leave the society better off or 

worse off? 


COMPENSATION PRINCIPLE 


Although some changes cannot be measured directly, methods 
of indirect measurement can be applied. These methods are 
essentially based on the principle that an individual, or 
group of individuals is capable of stating whether a parti- 
cular change leaves them better off, or, in other words, 
whether their subjectively evaluated "real income" (which 
may include non-pecuniary factors) increased or decreased. 


Let us assume that a set of benefits (B, in our notation) 
is not stated in monetary terms, and that only one member 
of that set changed. 


This would be the case if no member of the society became 
worse off by this change, but at least one group became 
better off. Under such conditions the change is clearly 
for the better. 


However, in most cases improvement in the position of one 
group leads to a deterioration of the position of the 

other. Even in a simple case of installation of an improved 
traffic control system, we would have a group of gainers - 
the users of streets over which the traffic flow improved - 
and losers, i.e. the taxpayers who have to pay for the im- 
provement. In such a case, we estimate the gains to the 
users of the system and compare these with the costs of its 
introduction. In this simple case, the costs of intro- 
duction of a system may be accepted as an adequate measure 


4 For a rigorous review of welfare criteria and 
postulates of welfare economics see I.M.D. Little, 


A Critique of Welfare Economics (89), 
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of reduction in real income to the taxpayers. However, in 
more complex cases, the measurements of gains and losses are 
by no means simple, and it is important to consider the basic 
principle of such a valuation. Such basic principle can be 
stated, in general terms, as the compensation principle, 
which states "if the gainers from a given change can compen- 
sate losers from this change and remain still better off, 

and the losers cannot compensate the gainers, then the 

change is beneficial"*. The operational application of this 
criterion is rather difficult in general cases, or where 
major income shifts are involved. In specific cases, however, 
1t Can He suserully applied. ..bq." a construction of, a; limited 
access expressway may affect adversely living conditions of 
the owners of the abutting property, and possibly prices of 
such properties, on the other hand the users of such an 
expressway would gain in travelling time and costs, this pre- 
sumably will increase the property values in the feeder area 
of the expressway; if such an increase is greater than the 
decrease in property values in the immediate vicinity of the 
road, plus the costs of the new facilities, the "gainers" 
(the users of the facility) could "overcompensate the losers 
(government bearing the costs of the new facility and the 
adversely affected property owners). 


EXTERNAL EFFECTS 


Mas tuLiyetecaulzed, tiat in addition” to: actions: (production 
and consumption of goods and services) for which an indi- 
vidual or firm.1s paid (or pays), some individual actions, 
which are outside the working of a price mechanism affect 
the welfare of the individuals and production efficiency of 
the firms**, In the context of urban development such ex- 
ternal effects are particularly important; examples of such 
external effects are: 


(a) Property values are affected by the actions of 


* This is a simple re-statement of Kaldor-Hicks-Scitorszky 
criteria; for the authoritative discussion of this problem 
see I.M.D. Little, A Critique of Welfare Economics (89). 

** In technical language these are called external economics 

(or benefits) and external dis-economics (or negative 

benefits). For full treatment of the problem see W.J. 

Baumol, Welfare Economics and the Theory of the State (91). 
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owners of neighbouring properties; 


(b) Time spent on going to work, and thus allocation 
of time between leisure and work, is affected by 
travel of other people, whose travel may create 
congestion, or, alternatively a large volume of 
passengers may make it possible to organize a 
high speed economical transport system; 


(c) Vicinity of related production activities may 
decrease the costs of production *; 


(d) Creation of water and air pollution are classic 
examples of external dis-economics. Noise 
creating activities - or "noise pollution" - 
are of the same nature. 


COMMUNITY WANTS 


There is also a set of important activities which are produced 
as the result of community decisions, either because their 
cost could not (without heavy or prohibitive costs) be re- 
covered through consumer charges (e.g. street lighting, use 

of streets) or which are considered essential for the well- 
being of the community (e.g. city parks, schools, sewage 
system**). Since it is impossible to use market mechanism 

for the provision of such services, the political decision 
making (in democratic societies), voting must be introduced. 


- This is called "agglomerative effect of location" and 
explains the attraction of larger centres for some 
industries. See A. Weber, Theory of Location (90). 


-* Activities such as police, fire fighting, sewage dis- 
posal, etc. require universal coverage to be really 
effective, therefore, excluding from benefits those 
who do not wish to pay for them would make everyone 
else worse off. 
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MODELS FOR TRANSPORT FORECASTING 


AND PLANNING 


PRESENT STATE OF THE ART IN MODELLING 


What are Models 


The models referred to here are mathematical models 
which describe the relationships between various 
elements of a system. These can be so simple that 
they can be done in a human head or they can be so 
complex that the high speeds and great capacities 
of the largest electronic computers are exceeded. 
The models employed for urban transport forecasting 
and planning generally require large electronic 
computers. 


Ultimate Urban Model 


To get transport models in perspective it is useful 
to review briefly the ultimate model which might 

be constructed to simulate an urban area. An urban 
area or a city iS a very complex organism composed 
of several elements which may be described as: 

the Social City, the Demographic City, the Economic 
City, tha Physical City and the Political City, all 
of which are bound together by a Transport System 
and a Communications System. An ultimate "urban 
model" would relate all of these elements together 
so that the effects of a change in one element, 
"city" or system, on all other elements could be 
determined. This ideal model would, of necessity, 
have to be "dynamic", in the sense that it would 
operate sequentially over time, as most changes that 
are made in one element have a delayed effect on 
other elements which will, in turn, affect the ori- 
ginal element. 


Ideal urban models of this type do not yet exist. 

The reasons for this are several: the problem is 
very complex; the relationships between the various 
elements of the system are not known; many apparently 
unrelated disciplines are quite often involved; and 
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the amount of data processing is so large that it is 
Still probably heyond the capacity of computer tech- 
nology, although the situation is changing rapidly. 


However, although the ultimate urban model has not 
been, and may never be constructed, several parts of 
the system have received much attention from mcdel 
builders. The two major thrusts have been "urban 
transport models", which attempt to describe the 
transport system and relate it to the other elements 
of the urban comolex, and the "land use" models, 
which attempt to relate the Physical City, the Demo- 
graphic City, the Economic City and the Transport 
System. The transport models, are generally static 
models, whereas the "land uss" models are generally 
dynamic. Land use models are discussed in Appendix: 
5. 


Why an Urban Transport Model is Necessary 


Because of the complex inter-relationships between 
the various elements of a transport system and of the 
complex relationships between the transport system 
and the city, it is very difficult to understand the 
system without the use of a systems or model approach. 
A transport model gives a better appreciation, and 
enables measurements to be made, of the internal 
operation of the transport system and of the effects 


of the system on the city. The better appreciation 


and measurements can then be used to make a choice 
between various courses of action, such as changes in 
taxation, in pricing policy, in subsidy programmes, 
in construction or abandonment of various transport 
facilities, or changes in city characteristics. 


Present Urban Transport Model Technology 
heen li ae RS ae OS 


Since the mid-1950s modelling has been used extensively 


in the study of urban transport. The emphasis has been 
on modelling the internal operation of the transport 
system itself. These models usually require that data 
describing the Physical City, the Demographic City and 
occasionally the Social and Economic Cities be provided 
exogenously. The outputs from the model are usually 
traffic flows which are used for facility design and, 
more recently, systems performance measures such as 
total travel time and vehicle miles which enable alter- 
nate transport systems and alternate land use patterns 
to be compared. 
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These models divide the city into zones and describe 
the interconnecting transport links. The physical and 
demographic characteristics of each zone and the 
characteristics of the transportation service provided 
are then assembled and the relationship between these 
characteristics and travel "demand" is estimated. 
The distribution of trips over the transport network 
is then performed using one of several mathematical 
formulations, such as the gravity model. 


Deficiencies in Present Urban Transport Models 


Two particular deficiencies of many urban transport 
models have been overcome by the model chosen for this 
study. These are the almost complete lack of attention 
given to urban freight movement and to a summary treat- 
ment of economic costs and benefits. An additional 

and unsolved problem however, is the difficulty experi- 
enced in accurately predicting modal split. 


The modal split or market share for each kind of pas- 
senger transport depends jointly on (a) consumer demand 
which is related to such things as travel time, comfort 
and prestige and is reflected in the amount of each mode 
used at various prices, and (b) the quantity of trans- 
port supplied at a given price, which depends on social 
and financial costs. To properly predict the future 
traffic levels of each mode requires a simultaneous 
analysis of both demand and supply, but because many 

of the relevant variables cannot yet be properly measured, 
a simpler, less complete approach is used. The historic 
pattern of usage (the past equilibrium between supply 
and demand) is related to an easily measured variable 
like travel time and the trend is extrapolated forward. 
While this works reasonably well in shorter term situa- 
tions, problems arise if consumer preferences change 

or if the past policy with respect to the supply of 
roads or transit is altered. These models, for example, 
often seriously underpredict the usage of new kinds of 
public transport service such as GO Transit. 


For the present, one must proceed on this simpler basis, 
bearing in mind the limitations of the method. 
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Modelling regional or intercity transportation is in 
Many ways Similar to modelling urban transportation, 
and the development of both types has followed similar 
paths. There is one notable exception to this, how- 
ever, the "Harvard Model", which was developed for use 
in analyzing intercity transport in developing coun- 
tries. It is a dynamic model in that it operates on 

a year-by-year basis, and in addition to simulating 
the transport network, it attempts also to simulate 
the economy of the country and to relate the economy 
to the transport system and the transport system to 
the economy. Unfortunately, this model has not been 
successfully tested in practice because of the lack 

of adequate input data and knowledge of the relation- 
ships involved. The transport sector of this model 
has, however, successfully been used as a static model. 


MODEL USED IN THIS STUDY 


Choice of Transport Model for this Study 


In choosing a model for use in this study the following 
were the main criteria used: 


(i) Because of the number of runs required and bud- 
get constraints, the model must run at low cost. 


(ii) It must enable the following transport elements 
to be evaluated from both an economic and social 
point of view: 

(a) freight as well as person movements 
(b) street system characteristics 
(c) public transit system characteristics 


(d) trucking system characteristics 


(iii) It must be able to evaluate the effects of alter- 
nate land use plans on the transport system. 


(iv) It must be readily available and proven in opera- 
642.00. 


Among the many models investigated were the following:- 
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- B.P.R. package 

- Opportunity Models (Chicago and Philadelphia) 
- Demand Models 

- HUD Modal Split 

- K.P.M. Traffic Prediction Model 

a7 tobor LRANSET. Ih and.i1 

- Variations of above (e.g. Smock-Detroit) 

- Montecarlo | 

- TRANS Model 


None of the above models was entirely satisfactory 
and time and budget eliminated the possibility of 
developing a new package. However, with a few modi- 
fications, the TRANS model provided the best compro- 
mise solution, as it was readily available and pro- 
vided most of the information required at a reason- 
able cost. It is capable of handling person and 
goods movements by several modes of transport and 
several different vehicle types, and has a strong 
economic orientation. 


D.2.2 General Description 


The TRANS model was originally developed at Harvard 
University and was adapted by N.D. Lea & Associates 
Ltd. for use in the Dahomey Land Transport Study, 

a project carried out under the auspicies of the 
World Bank for the U.N.D.P. and the Government of 
Dahomey. It is in the form of a package of compu- 
ter programmes which can be run on an IBM 7094 or 
360/65 or a Univac 1108 computer. 


The information required to run the model for a par- 
ticular area consists basically of a description of 
the transportation network, a description of the 
vehicles operating on the network, a description of 
the commodities to be moved on the network, and a 
series of equations relating the performance of the 
vehicles to the characteristics of the network and 
the amount and type of traffic using the network. 

The network is described in terms of links and nodes; 
the links represent transportation routes - road, 
rail, etc., as well as intermodal transfer facilities 
- and the nodes represent points where two or more 
routes join and points where traffic is generated 

or attracted. 


The links are described by their characteristics - 
mode.s length, rabe ofr rise! and fal lyretc.a! fhe pro- 
gramme is presently limited to 150 nodes and 300 
links. The vehicles are split into five classes 
which are described by various characteristics such 
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as weight, capacity, power, etc., as they relate to 
each mode considered. The commodities are described 
by their transportation preference characteristics, 
i.e., the relative importance of travel cost, travel 
time, probability of loss, etc., and by the nodes 
where they are produced and the nodes where they are 
consumed. Persons are considered in the model as one 
or more separate commodities. The model presently 
can handle 40 separate commodities. 


Inputs 


Six main types are required: 


(1) A complete listing of the quantities and char- 
acteristics of all commodities which require 
transportation; ; this, includes ,.for each com= 
modity, the tonnage and price at each point of 
supply in each season, the annual tonnage at 
each point of consumption and the transporta- 
tion preferences of each commodity. 


(2) A description of the physical characteristics 
of each link in the network. 


(3) A description of the rate structure or the rate 
policy in effect on the links comprising each 
mode or submode. 


(4) Equations for each mode to relate operating 
cost and performance to link characteristics. 


(5) The number and the characteristics of the vehi- 
cles operating on each mode in the system. 


(6) Present origin and destination data and link 
flow information to enable the model to be 
calibrated. 


What the Model Does 


From the commodity supply and demand data for each node 
the model determines the distribution pattern of each 
commodity in turn, using either an inverse impedance 
(gravity) model or a linear programming formulation - 
which is based on the minimization of costs as per- 
ceived by. the shipper. For the first run, costs ae 
perceived by the shipper are calculated using approxi- 
mate input values for link performance characteristics 
(costs, travel time, etc.). The distribution process 
also selects the best combination of mode and route 
through the network and assigns the commodity flows to 
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the appropriate links. The resulting commodity flows 
are accumulated on each link of the network according 
to vehicle class to show the link utilization. Each 
link is then analyzed separately, depending on its 
mode, to determine the vehicle and link cost-perfor- 
mance characteristics. Determination of these cost- 
performance characteristics includes the calculation 
of revised tariff on the link using the appropriate 
pricing policy. 


The model can be automatically re-run, or iterated, 
as many times as desired using the revised link cost- 
performance characteristics from the previous run as 
a basis for the new distribution and assignment. 


Di2.. OUL Dur 


The model gives five types of output: 


(1) Commodity flow and cost data for each commodity 
in each season. The model gives the volume 
flowing between each origin and destination 
the actual cost incurred in transportation and 
the cost as perceived by the shipper. 


(2) Link flow data. For each season the model gives 
commodity and vehicle flows on each link in the 
system. 


(3) Vehicle cost-performance measures. These mea- 
Sures are useful to the transport operator at 
the micro level in selecting new equipment, 
etc., and to the project planner in evaluating 
the effects of proposed changes; they also help 
in the design of new links. For the highway mode 
these would be as follows for each class of 
vehicie: 


- crew time and cost 

- fuel consumption and cost 

- oil consumption and cost 

- tire wear and cost 

- Maintenance (parts and labour) and cost 
- depreciation rate and cost 

- cost per vehicle mile 

- cost per ton mile 


(4) Link cost-performance measures. These are items 
which will affect the shipper's choice of mode 
and routing and might typically be: 


- waiting time 

- travel time 

- variation of travel time 
- probability of loss 

- cost to the transporter 


BAe Oe De ey, SA re, eee 
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(5) Systems performance measures. These are summary 
statistics for each mode or submode, vehicle 

type and season and are used by the transporter 
and the Government in setting rates, computing 
taxes, etc. They provide a measure of the rela- 
tive importance of the various modes, the rela- 
tive intensity of vehicle use and the relative 
importance of terminal operations. The measures 
produced are: 


- waiting time 
- travel time 

- terminal time 
— transfer: time 
- vehicle miles 
- ton miles 

-— ) total. (costes 

- total revenues 


The units of both input and output items may be 
Specified as metric, British or U.S., while any 
Suitable currency units may be used. 


APPLICATION OF MODEL IN THIS STUDY 


In order to use TRANS for this study, certain modifi- 
cations had to be made and certain special techniques 
had to be used to overcome the limitations on network 
size imposed by this model. 


Time Periods 


The TRANS model was originally programmed to take 
annual zonal supply and demand volumes for each com- 
modity and split these into seasons of specified 
duration and produce distributions and assignments 

on a daily basis for each season. In this study the 
daily supply and demand volumes for each commodity 
were split into two "seasons" representing peak and 
off-peak periods; distributions and assignments on an 
hourly basis were produced for each period. 


Supply and Demand Node Limitation 


To overcome the limitation on the number of nodes 
available, only one direction of a round trip was 
Simulated. For example, for peak period analysis, 
only a.m. peak trips were considered. It was assumed 
that the p.m. peak trips are equal in volume and oppo- 
Site in direction. A similar argument was applied to 
the Simulation of off-peak travel. For work person 
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trips it’was possible to define up to 20 supply nodes, 
corresponding to residential zones, and up to 40 demand 
nodes, corresponding to employment zones. Supply and 
demand of non-work trips and of goods were treated in 

a similar manner. A particular supply node may or may 
not also be a demand node, and vice versa. 


D.3.3 Network Size 


With the supply and demand zones limited as above, the 
maximum of 300 one-way links was found to be suffi- 
cient for cities up to the 1,000,000 population size, 
with each link representing either one or a bundle of 
several adjacent and parallel facilities. A rectan- 
gular grid of 80 nodes (10 nodes by 8 nodes) requires 
a total of 284 one-way links. 


D.3.4 Use of TRANS for Large Cities 


For City C, splitting the residential areas into 20 
zones gives average population per zone of 100,000; 
at a residential density of 5,000 per square mile, 
the average zone area would be 20 square miles, say 
4 miles by 5 miles. The average length of an intra- 
zonal trip (which does not cross the zone boundary) 
would be about 3 miles, assuming a uniform grid 
System. A trip length frequency curve for a typical 
city of this size indicates that 55% of the trips 
are shorter than this. As the city doubles in size, 
the average residential zone becomes 40 sq. miles, 
implying an intrazonal travel distance of about 4% 
miles. The frequency curve shows approximately 70% 
of trips to be shorter than this. Since the model 
is unable to distribute these intrazonal trips on 
the basis of intrazonal travel time, then some pro- 
cedural modification was clearly required for the 
analysis--of-City.C. 


To overcome this, City C was modelled twice - once 
for the entire city - and once for the central or 
downtown section only. In the entire city model, 
the central section was treated as one "Super-zone". 
The analysis of the entire city provided estimates 
of the travel between the outlying areas and the 
central area which were then used as input data for 
the analysis of the central section. 


Although this method necessitates a separate network 
and supply-demand table for each model, it did not 
present any insurmountable problems, and it did pro- 
vide zones of smaller size with significantly reduced 
intrazonal travel. The main problem was a logistics 
one of handling, identifying and storing the different 
sets of input data and of coordinating the output 
reports. 


N.D. LEA & ASSOCIATES LTD. 


Dp10 TRANSPORT MODELS 


D.3.5 Intrazonal Travel 


For cities of under one million, no adjustment was 
made for intrazonal travel, as it was assumed that 
the effect of such travel would be negligible. How- 
ever, for the larger cities, it was decided that in- 
trazonal travel should be considered. The method of 
treating this travel consisted first of estimating 
the percentage of the total travel which is intrazonal 
travel for each zone, based upon the zone size, and 
then of reducing by one-half the amount of the intra 
zonal travel so estimated. The reason for this one- 
half reduction is that since the model calculated the 
travel as interzonal, it is judged that the estimated 
time and cost of the extra interzonal travel might be 
double that of the same amount of intrazonal travel. 
Inclusion of this estimated intrazonal travel gives 
more complete system costs and characteristics. 


D.3.6 Commodity Supply and Demand 


The following are the commodity categories and the 
corresponding vehicle categories which were employed: 


COMMODITY CATEGORY VEHICLE CATEGORY 


l. Person work trips 
by auto Auto 


2. Person work trips 
by transit Transit 


3. Person non-work 
trips by auto Auto 


4. Person non-work 
traps byatrane Le Transit 


5 «aye OGG] agoods., 
general General 


6., Local,.goods,, 
bulk Bulk 


7. Long-distance goods, 
bulk Bulk 


TOTAL 7 Commodities 4 Vehicles 
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D.3.7°Modal-Split 


The modal split of person trips was determined before 
input to the model, i.e. before distribution; person 
trips by auto and by transit were specified as dif- 
ferent "commodities". Supply and demand nodes were 
normally located directly on highway links; trans- 
fers between highway and other modes were allowed 
or suppressed for each commodity as required, e.g., 
only transit person trips were allowed to travel on 
Subway and commuter rail links. 

\ 


D.3.8 Link Characteristics and Cost Models 


Because of the limitations on the number of zones 
and the number of links, the analysis was performed 
on the basis of a travel corridor network, the links 
being corridors forming direct connections between 
adjacent zone centroids. 


Since a highway link connecting two centroids gener- 
ally represented a combination of several facilities 
of different types (e.g. arterials and expressways), 
evaluation of the composite characteristics was neces- 
sary to calculate travel times and evaluate congestion 
effects. The. relatively sophisticated highway cost 
Sub-model which is built into TRANS, was replaced by 

a simpler model which applied a wolume-capacity re- 
lationship to the free speed and the assigned volume 
to give a congestion-limited speed, which was then 
used in the subsequent distribution-assignment pro- 
cedure. The new highway cost sSub-model was also used 
to apply a simple relationship to calculate the operat- 
ing costs of the different types of vehicle using the 
link in question. 


D.3.9 Minimum Path Criteria 


The TRANS model performs distribution and assignment 
on the basis of minimum cost routes, where the cost 
consists of a specified combination of the costs of 
(a) waiting time (b) travel time (c) uncertainty of 
arrival (d) loss or damage (e.g. accidents) and (e) 
out-of-pocket cost to goods shipper or passenger. 

In this study, the distribution and assignments were 
based on minimum time paths only, by applying an arbi- 
trary value to the travel time only. Travel cost was 
calculated but not used as a distribution parameter. 


D.3.10 Directional Vehicle Equalization 


The TRANS model accumulates the flows of each commo- 
dity according to its vehicle type on to the link 
network. When all commodities have been assigned, 
the total volume using each vehicle class on each 
link is converted to a number of vehicles, using a 
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payload or occupany factor. As originally written, 
the TRANS model takes the number of vehicles in the 
direction of heavier flow, and makes the number of 
vehicles in the opposite direction the same. This 
procedure required modification for this study be- 
cause the time period being dealt with was an hour, 
rather than a day as in the original model. In the 
simulation of one-way flows during each period (e.g., 
a.m. peak flows) the balancing continued to be applied 
to transit travel) as transit véhiclés generally re- 
turn to their point of origin over the same route. 
However, the program has been modified so that this 
balancing was not performed in the case of auto and 
truck travel, as most autos and trucks do not return 
to their point of origin within the same time period. 


Diels Output 


The TRANS model has provisions for providing a great 
variety of output, including commodity supply and 
demand tables, origin-destination costs and flows, 
and details of the link characteristics, link utili- 
gation (tons, vehicles,turns) and link performance 
(waiting time, travel time, etc.). 


In this study much of the possible output has been 
suppressed and only a minimum printed out. The number 
of commodities is considerably less than in the 
Dahomey Study, reducing the number of O-D tables; 

also the link output has been restricted to link 
characteristics, link flows in vehicles, and link 
travel time and operating cost by vehicle type. 


D.4 FUTURE MODEL DEVELOPMENT 


The present state of the art with regard to urban 
transport models leaves much room for improvement. 
However, much valuable information is being gained 
from the widespread use of the current equalibrium 
transport models. The complexity of the urban area 
is such, however, that it will be extremely difficult 
to predict the results of various policy options in 
the transportation and urban planning field without 
the use of a dynamic model which deals with the 
Social and Economic Cities as well as the Physical 
and Demographic Cities. 


A major interdisciplinary effort, involving engineers, 
economists, marketing specialists and others will be 
required over the coming years to produce models that 
accurately represent 655 consumer demand for transport, 
(b) the social and financial costs of supplying same and 
(c) the final equilibrium point or level of usage. 
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D.> SUMMARY 


The urban area is a very complex organism, the work- 
ings of which can probably only be understood by the 
use of a modelling approach. A comprehensive urban 
model is beyond our present capabilities, but the 
transport subsystem has been modelled quite success- 
fully and has proved very useful in facility design 
and the evaluation of alternative transport systems 
and city: forms. 


Present urban transport models, however, have some 
Significant deficiencies, particularly regarding 
goods movements and estimation of costs and benefits. 


A review was made of currently available models for 
possible use in this study. This review found that 
the TRANS model was the most suitable model to use: 
it could be run at reasonable cost, it considers 
freight movements as well as person movements, it 
makes possible the evaluation of alternative land 
use plans and transport systems, and it is readily 
available and proven in operation. 


The characteristics of TRANS and how it was modified 
for this application are described. 
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SUPPLEMENTARY TABLES 


Eel 1966 POPULATION EMPLOYMENT DISTRIBUTION 
CityiA 

Et2 1966 POPULATION EMPLOYMENT DISTRIBUTION 
CITY. 5B 

Et3 1966 POPULATION EMPLOYMENT DISTRIBUTION 
Cryer c 

Et4 - 2001 POPULATION EMPLOYMENT DISTRIBUTION 
CILY. A 

Et5 2001 POPULATION EMPLOYMENT DISTRIBUTION 
SLIv=B 

Et6 2001 POPULATION & EMPLOYMENT DISTRIBUTION 
GLY 7 C 

Et7 LINK CHARACTERISTICS - CITY A 

Et8 LINK CHARACTERISTICS - CITY B 

Et9 LINK CHARACTERISTICS - CITY C 

Et10 PERSON TRIP GENERATION - CITY A - 1966 

BCE GOODS TRIP GENERATION - CITY A - 1966 
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0 440 
1,890 2,650 
3,870 1,920 
2,060 1,680 
1,410 460 
3,030 1,430 
1,250 ate 
0 4,660 
1,450 {690 
1,800 830 
8,100 1,300 
850 270 
1,450 460 
1,600 510 
2,290 1,370 
1,180 570 
1,750 550 


33,980 


68,040 


2,660 
137020 


5,850 


70556 
640 
4,250 
2,290 
0 
7,950 
2,380 
1,000 
380 


650 


740 
4,750 
Ler 

800 


56,430 


13,900, 
1,870] 
3,180, 
3,540! 


9,410. 


3,990, 
3,860 


| 


—— ee 


124,470 


N.D. LEA & ASSOCIATES LTD. 


APPENDIX E Ep6 
TABLE Et5 
2001 POPULATION & EMPLOYMENT DISTRIBUTION - CITY B 
t -POBY=ac 447 “OTHER | PUBLIC & | 
| ZONE) LATION | RETAIL COMMERCIAL SEMI-PUBLIC INDUSTRIAL TOTAL 
| i, | 0 | 0 0 2,500 12,400 14, sot 
! 2. 0 | 0 0 2,700 11,400 14 ,100| 
| Beoimes Ve 0 nla yap. 20% 2% 3,100 14,300 17,400! 
: 4 | 39,100; 2,000 3,800 2,000 2,000 9,800) 
i 5 | 105,300 | 4,900 9,300 9,300 31,100 54,600. 
: 1 ea 100.4122), 200 5,000 00 Bip Luda Weer Tisterserie 
| 7 42,100 , 1,800 3,800 4,600 15,300 25,500} 
| 8 | 938,500! 1,600 3,500 2,700 8,100 15,900 
| 9 | 83,700 | 3,600 7,400 4,300 9,700 ___ 25,500 
| 10 5,500 , 11,200 26,200 4,700 3,800 45,900 
11 87,900 | 5,400 7,800 5,800 15,000 34,000 
12 95,000 4,000 8,400 5,800 14,300 32,500 
| 13 56,800 | 2,400 5, 4000498 22 100 2,400 12,300 
| 14 62,100 | 2,200 5,300 7,900 28,500 43,900 
| a5, | O8 9-5 5) 0 0 3,500 16,900 20,400 
| 16 | 115,100 | 4,700 10,500 5,400 11,100 31,700 
17 | 106,400 | 4,300 9,500 3,700 4,100 21,600 
| 18 | 128,500, 5,100 11,900 4900 5,100 27,000 
19 734 900); 713,200 6,700 5,000 14,300 29,200 
1,093,000 | 58,600 125,000 __—82,100 222,000 487,700 


1,220,000 | 


N. D. LEA & ASSOCIATES LTD. 


Ep7 APPENDIX E 


TABLE Et6 


2001 POPULATION & EMPLOYMENT DISTRIBUTION - CITY C 


eh ee er 


| yronn reps Tra a EMPLOYMENT __ tT Aynene -rnwe 
POPU- “OTHER: PUBLIC & 

am ZONE | LATION RETAIL COMMERCIAL SEMI-PUBLIC INDUSTRIAL TOTAL | 
} ‘ } | 
: 1 78,300 3,800 11,700 8,600 25,400 49,500 
| 2 148,100 7,400 21,900 5,200 4,400 38,900 
3. 10) 152, 700: SU 6O00e «Bee D0 et Bho 980s, 250,,000_.... var eee? 
| 4 285,200 14,000 41,900 18,600 42,200 116,700! 
5 335,100 16,500 49,600 11,900 9,800 87,800 
6 $i. 96, 000. 64700) 14,100, on 463, 400.0 2,800 ~ tue peeneoe 
| ay ora eg LO 42,900 44,600 129,100 247,600 
9° 1 93" 000 4,600 13,700 5,400 21,500 45,200! 
9, 197,400. 9,800. 29,000. o 4n%, 0000. 5,800 51,600 | 
10° 2: 195900... 9,600 28,800 13,800 33,500 85,700 
11 0. 0 0 1,900 7,600 9,500 
12, 650,400 , 48,700 (95,900 25,400. 19,100 189,100) 
13) ut kereaoo. nay 200 24,600 11,400. 26,700 71,000, 
| 144 255-800.) Psy¥300 37,600 9,400 7,500 69,800! 
| 15 8 259,400 | 12,8000 g 38,200 17,900 425200 3. eee 
| 16. | 80,300} 3,900 11,800 72200 19,600 42,500 
| 17 | Sate 600 F417 /200 51,200 29,200 76,000 173,600 
18 | 0: OA ue On & 5,400 21,500 26,900 
19 ile Saneann, | 1S 2200 50,100 12,200 10,000 90,500 
NE he 59 1455001 °7%200 21,400 25,200 84,300 138,100 
ot er 2127) 324,800 | 1242001 ¢ 5086, ite 618,700 ade 200 lappemeen 
| 22 ay GAO 000 |, paneog 96,000 19,000 14,800 169 ,000 
: 2a kote AopO elo, auue 32,200 7,700 6,400 57,100! 
| 24.0 416,900 | 20,600 61,300. dd. 9m0 16,900 Jao POOH 
| 25 | 140,000 | 16,600 20,600 22,800 69,700 129,700! 
26 114,300 | 5,600 16,800 4,000 3,400 29,800! 
| 
ae oe % seus aera scapes moa a See 62S he Ieee ee See re Sr eo wo se ene i 7 a a 1 
TOTAL ! 
URBAN 5,344,300 1345, 300. 869,900 358,700. 757,400 2a nade 500. 

——— Se ee eae |}-—-——----- Ie AS ee Aa 5 ORE mide a ris scm ort nes ncn ina seu Nps ian ala hese 
OUTSIDE | | 
URBANIZED | i 
AREA 215,700 | : 
TOTAL | 
METRO [5,560,000 


N.D. LEA & ASSOCIATES LTD. 


APPENDIX E Ep8 
TABLE Et7 


LINK CHARACTERISTICS _ a _City A 


| ‘LENGTH 1966 CHAR- 2001 CHAR- LENGTH 1966 CHAR- 2001 | 
ise (MI.) ACTERISTICS ACTERISTICS | LINK (MI.) ACTERISTICS ACTERISTICS| 
| 1-22 .8 A2/40 A 16-43 197 A4/30 A | 
pe2-22) We A2/30 A 17-41 .6 A2/35 A 
Pees a sern A 2/0 08 a DAI OF NEE 17 RAG SI ce tal I AAD : 
3- 8 1.4 “A2/35 A 18-35 2.0 F4/50 F 
3-24 1.0 A2/35 A | 19-447 A 
E Soe 22/552 eA OU Wa Ada ieG re Net SEA. Sik ap 
4-31 1.1. A2/35 A 20-42 2.0 A4/40 F 
5- 6.7 A4/30 A | 21-46 F 
532) Sines As /B0h Wan Ain OCSOE goons /52eO\hh. E4030 say 
6-25 | 6 A4/30 A 1 -22-25/6007 A2/35 A 
| 6-33 | 192 A4/30 A | 22-31 - F 
17265 a) A AON) 122-44 ue) ee eepoP 
7 4 A | 23-24 .9 A2/30 A 
7 9 A | 23-26/ 6025 A4/30 A 
8- yaen AG AGCO ENON 94-29 / GOFF NOK. AZZ 30 oA 
8 ian) A 24-42 - A 
8 Jal A | 24-44 - A 
9- SBR MEADS OBNOM 25-2645 09 A4/30_ ox 
& A » 26-287 8059 A4/30 A 
.6 A | 27-30~ $9 A2/30 A 
is) A 0% 28-29 F024 \9%.. A473 SeKS 
4 A 29-30 «4 A4/30 A 
25 A | 31-32 1.2 A4/35 A 
SNE A ss}: 31-46 Be0. .. SERS 
iS A | 32-33 27 A6/30 A 
5 A / 32-36 1.1 A4/30 A 
fa) t ASDES SOR 34-350 5054 Vs waeeem eter: ae 
.0 A ' 34-38 «68 A4/30 F 
25 A Res A4/30 A 
ok MES DENCH 3637/40 OF NED Ad 230 a 
: A | 37-38 «44 A4/30 A 
} A ; 38-43 =. 5 A4/30 F 
Ae OP MES 29 -40R TPL A2/30__ eRe 
A ' 40-41 6 A4/30 F 
A / 41-42 1.1 A4/40 F 
A | 42-47 - oon 
eae: | 45-46 ~ F 
M.. ; 46-47 5 BCA ee ee 6 te | 


For explanatory notes, see pag2 following Table Et9. 


N. D. LEA & ASSOCIATES LTD. 


Ep9 APPENDIX E 


TABLE Et8 


LINK CHARACTERISTICS - CITY B 


tn re a 5 ee ee 


LENGTH 1966 CHAR~ | ___2001 CHARACTERISTICS 
LINK (MI.) ACTERISTICS [N 


EUTRAL PATH PROGRAMMED OPTIMUM 


____| & FINE GRAIN MODULE SPACING 
1.6 A4/40 A4/40 P A8/40 
1.2 A4/40 | a4 7/40 A4/40 
eT eee pir ptt A4740 wg 2 pea cA Rea 
Le A4/40 | A4/40 P A4/40 
5 a A2/40 A2/40 P A8/40 | 
BBRIES a GOS ol ot Pd / 60). ee CO aek Oe ee aoe. 
3.5 F4/60 : F4/60 F4/60 | 
Died A4/40 A4/40 Pp A4/40 | 
AIAG TRA A/S Nua AF/50 E _A6/50__| 
0.9 A6/40 A6 /40 P A8/40 | 
6.4 A2/40 A2/40 A6/40 
ie Wy A4/40 A4/40 Laeted A4/40 
ied A4/40 A4/40 Pp A4/40 
a, A6/35 : A6/35 P A6/35 
10: bo 2een:  AGYSS | eeu hoy 3s A Ps BENSA 267354 
0.7 A4/30 | A4/30 Pp A4/30 
0.5 A8/30 A8/30 P Al12/30 
ely, i A620" _ A6/40 Pie. A6/40_ | 
We? A6/35 A6/35 Pp A6/35 | 
Ae A6/30 A6/30 A6/30 
a Ga A6/20 | A8/20 VP. OFM AA OLAS 2D | 
0.4 A8/25 A8/25 Pp AL? 25 | 
00 A8/30 » A10/30 Pp A12/30 
Bike: A6/30 Roo Ge Moe « *' A8730 
0.4 Al0/20 A12/20 P A12/20 
2 Al0/25 Al2/25 Al2/25 
EP Oa i NG EN | age Boy 25 on bas: dager A6/25__| 
Lend A4/30 A4/30 Pp A4/30 | 
pie bo A8/30 A8/30 P A10/30 | 
LT 33 Tere ge AGL 30 bap AG/30->—x oo Po BEN RA AG/300 
alee A6/35 A6/35 AG7 35, 7, 
ees A4/40 A4/40 P A4/40 ; 
2a fee A4/40 _F6/60_ | 
1.0 =a F4/60. F4/60 
1.5 A4/40 A4/40 Pp A4/40 
a eg Se A4/40 BASSO. ge ne __ A4/40 
P70 —— A4/40 A4/40 
a5 A4/40 A4/40 Pp A4/40 
(3.454563 4.6U0 1 .agJ59 i-—--- 2/50 ~--— AG /50 
3.9 A4/50 A4/50 A4/50 | 
0.6 A4/40 A4/40 Pp A4/40 
S40. A.B 2 Ades }B4240% enna me _ A4/40 : 
16-41 14 A6/35 A6/35 Pp A6/35 
16-43 2.2 A4/40 A4/40 A4/40 | 


--- continued 


N. DO. LEA & ASSOCIATES LTD. 


APPENDIX E Ep1o 


Table Et8 (cont.) 
Vaae ahi eGkae a SEM Loran rR A Eo 
2001 CHARACTERISTICS _ 


na ee ee ae te eS Hr mt errr 


LENGTH 1966 CHAR- 


ate oa ee 
LINK (MI.) ACTERISTICS | NEUTRAL PATH PROGRAMMED OPTIMUM | 
_& FINE GRAIN MODULE ~ SPACING | 
0.5 A6/50 A6/50 A6/50 
0.9 A6/30 6/30 P A6 /30 
Rils4 GEA [30 egal. A4/30_ ire ei O47 OL 
244 A4/50 A4/50 A6/50 
2.9 A4/40 A4/40 A4/40 
| Ons 4 A4/40 A4/40 ie on tA 4/40. 
il A4/40 A4/40 A6/40 
Lad. A4/30 A4/30 A4/30 
. 22a sa, 0 18/30 A10/30 ne ALOZ30 
242 A4/40 A4/40 A4/40 
Ze oe F6/60 F6/60 
2.0 iat? 4 F4/60 has 70.0 
0.4 F4/60 F4/60 F4/60 
156 F6/60 F6/60 F6/60 
“2a Se). 0 F4/GOunguas  F4/60 A6/60 
Aji. A2/45 A2/45 Ra 450) 
28 A6/50 A6/50 A6/50 | 
368 F4/60 F4/60 F4/60 | 
aida —- PF 4/60 A ie cE AGO 
3418 A6/60 A6/60 A6/60 
+) Seed a= -- = A6/60 
MOrce ¢ A4/ 30 eae ing A430 P A4/30 
10 A6/35 A6/35 A6/35 
25.5 ~~ A6/60 aaa 
Bhs -- | -- -- A6/60 
2D A4/60 A4/60 A4/60 
SO 5Biayt AC/ en upe "|| A8425 A8/25 
0.9 A6/35 | A8/35 P A8/35 
0.32 A8/30° | A10/30 P A12/30 
AO) RAV SO on he A4/30 Shae A4/30 
023 A4/30 A4/30 P A4/30 
1,0 A6/30 | A6/30 P A6/30 
ies A4/40 |  A4/40 wr AAO 
bec) A4/40 a * A4740 A4/40 
0.5 A8/25 A8/25 P Al2/25 
U2 ab 2 RG /adcre AG /Sh ey A6/30 
0.6 A6/25 ! A6/25 A6/25 
G23 A8/25 | A1l0/25 P A12/25 
ESAS © RA Saar FP RASS Oe gg OR gO ea 47 00 
2e3 A4/50 | A4/50 A4/50 
2.4 F4/60 : F4/60 F4/60 
ee 6. AC ab ee i A4/AO gen A4/40 
O«2 A4/40 A4/40 P A4/40 
0.45 A4/30 A4/30 A4/30 
“Weve -- A4/35 Ae ears yee ve 
223 -- a a a F6/60 
0.9 ed = -- F6/60 
0.6 <- A4/40 M _ A4/40 
0.9 a ~— me F6/60 
2.4 ao F6/60 F6/60 
sarge ~- F6/60 F6/60 
‘sed Bg | ues ne sen Ra /En 


N.D. LEA & ASSOCIATES LTD. 


Epll APPENDIX E 


TABLE Et? 


LINK “CHARACTERISTICS — CILY Cc 


* See Note (1) 


EN LENGTH 1966 CHAR- | LENGTH 1966 CHAR- 
| LINK (MI.) ACTERISTICS LINK  (MI.) ACTERISTICS 
| ME EE OA be NE Ce a ee 
aa A4/50 | 17-85 cine! A2/40 
1.9 A4/40 18-19 au A6/30 
ny Wie A4/40 18-60 Piel 46/3025. 
4.0 A4/40 18-69 0.9 A4/30 
a4 A6/35 18-78 0.6 A6/30 
GL 6ita aA AS PAGE G2 eeRe 20d F6/50. 
1.9 A4/40 19-70 24 A6/30 
5.0 A4/40 19-80 ea A6/30 * 
Pie geet \-Vd- = vekidomins WEE alco ndee A6/40 * 
2.6 A6 /30 20-80 0.4 A6/25 * 
1.6 A4/35 20-90 2.6 A6/40 * | 
4.9 AG/39° 04 21 Ge eet A8/25_ si 
1.4 A4/35 Peer RES 08 2.9 A6/25 
aoa A4/35 | 21-71 0.9 A6/25 ! 
oo A6/30 C221 - Fo eentas A8/25™ 4 
Ones A6/30 birder w yee: A8/20 
ez A6/30 | 22-81 1.0 A8/20 
Merion’ RA AG oo 2 Oe, ena 059 A8/20 
0.2 A6 /30 | 22-86 DAT A4/20 
aeU AG6/35 | 23-24 27 A6/25 
pies A4/35 Br Deen's yte A6/25_ 
1.8 A4/40 Wie: 1.6 A8/25 
3.8 A4/40 | 23-88 1.0 A4/25 
0.5 A6/35 eR FS oO O27 A4/30 
2.0 A6/35 ~ Dios NPAT SD A6/30 
2.6 A4/35 24-89 0.6 A4/30 
HE ocr ee ip. 252265948 276. * A4/35_ 
Spl A4/50 pepe ee ce A4/30 
1.9 F4/50 25-96 Tea A4/30 | 
pa beg A4/40 “fl 26 =6F E059 A4/35 ei 
2.9 A6/35 27-45 5.4 F6/60 
a A4/40 28-33 4.9 A4/40 * | 
van ey eee ee (39-35 OR 4.3 F4/60°° ||| 
io A4/30 30-38 2.6 A4/50 * |} 
0.9 F8/60 30-58 208 F4/60 
0.9 F8/60 31-85 cee) A2/50 | 
a0 A8/30 32-97 2A F4/60 
Ie 2 A4/35 33-34 a03 A4/40 * 
oo. an A6/30 33-39 4.4 A4/40 
Tsk A6/30 35-42 5.6 F4/60 
ace A4/30 36-37 F4/40 * 
oT" eae 37-44 2.6 A4/40 
tL A6/35 38-58 Leeds A2/40 
iy, A4/35 39-47 1.4 A4/35 
0.7 A2/40 40-50 2.0. A4/30 


--- continued 


N. DO. LEA & ASSOCIATES LTD. 


APPENDIX E Ep12 


Table Et9 (cont. ) 


LENGTH 1966 CHAR- | LENGTH 1966 CHAR- 


LINK (MI.) ACTERISTICS | LINK (MI.) ACTERISTICS 
pee] A6/30 | 78-79 ~=— 0.9 A6/30 
2.0 A6/30 | ~79=80 1.9 A6/30 
2 2.ds wF4/60.f ©. 68-80-31 18% (AS72595. 
oA A4/40 82-87 On7 A6/25 
7.8 F6/60 83-84 1.0 A6 /30 
SelfPhR 176 /60.€ | FOF7SE83495 | 1 1k F4/50 
26 A4/40 | 84-85 4.5 A4/40 
Lode F6/60 84-96 ky A4/35 
Bi 3 AAS 2A6/96 WE oo GOd wt OB5=97 5 eo Sh _A4/40 
0.9 F8/60 86-87 0.9 A6/25 
ees F8/60 86-90 ge: A4/25 
PP 2.8ENS FO/50, e@087=88 1.8 — AG/30 
0.9 A6/30 87-91 yes A6/25 
0.9 F8/60 Co baceey. 0.2 A4/25 
11.98 \ a> -A67230 [wee88393 a °--2.1 A6/30 
0: bak F8/60 89-94 106 A4/30 
3.4 F8/60 90-91 122 F6/50 | 
2 OS A6/30 DIO Qe ed] F6/50T oe 4) 
Ted F8/60 | 92-93 lass: F6/50 
ak F6/60 | 93-94 0.6 F6/50 
Lb. ara 50 ie 94955 = 1,9... F6/50 
pian F6/60 | 95-96 ee. F6/60 
4.8 F4/60 | 96-97 ce? F6/60 
ads ae BROS 5y : EP a ee ee eet ve 
iX2 A6/30 a 
i2 A6/30 
ede ig Peeve 
oat A6/30 ! 
120 A6/30 : 
etd sb P63 0% oo Fl 
2,0 A6/30 
pipes) A6/30 
Cit AG 30 Fe Je 
pig F4/50 
Tas A4/30 | 
os Ki See A6/25 
ee A8/25 ; 
1.0 A6/25 [ 
. 1.4 6 RO7e0e . 
1% A6/25 | 
2.9 A6/30 aa 
PO.9 . - Ao/s0 | 
ee A4/30 
0.7 F4/50 
ie A4/35 __ 


--- continued 


N. D. LEA & ASSOCIATES LTD. 


Ep13 APPENDIX E 


LINK CHARACTERISTICS - CITY C (continued) 


ee ee | a 


(ee 


TRANSFER LINKS RAIL LINKS 
LENGTH 1966 CHAR- LENGTH 1966 CHAR- 

LINK  (MI.) ACTERISTICS LINK (MI.) ACTERISTICS 
| §=6.9 8-99 1.4 5/20 | 

| 99-100 7A | 5/20 
_ Mpa<pedo Bor, O26 572 
102-103 3.2 R/40 | 
78-105 - 10/2 he-b2634104 ~ 9.0 R/45 
84-109. =.Aey ha © °10¥2 . ap esLO4+T05 4.3 ac ee 
89-108 - 10/2 | 1052806 3.8 R/30 

“jogs | RON ae a) eeo. 106-107 3.1 R/30 

2807-108 5.2 R/35 

108-109 2.2 R/35 

RO9“110 8.9 R/45 
PEE<P12 5.8 RAIS LO” | 

H122213 2.9 R/35 

113-114 3.8 R/40 

NOTES : 


(1) Future network not drawn up in detail for this city. 
Links indicated * would be classified as freeways 
in 2001, together with other links not shown. 


(2) Road links: A4/30 indicates 4-lane arterial with 
30 mph free speed. 
F6/60 indicates 6-lane freeway with 
60 mph free speed. 


(3) Transfer links: 10/2 indicates 10 min. transfer time 
in forward direction of link, 2 min. in reverse dir- 
ection. 


(4) Rail links: 5/20 indicates subway with speed of 20 
mph; R indicates commuter rail. 


N.O. LEA & ASSOCIATES LTD. 
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APPENDIX E 


TABLE Et10 


1966 


bly a 


PERSON TRIP GENERATION 


*suot3onpoird [Te 303 Tenbse of wearboid Aq paasnfCpe oe29mM suoTtjoOeI3IAV 

*uoTRZOeATp oAtsoddo ey ut dtzz usznjea e Aq payojeul eq TTT dtz} yore potazsd 
Aanou-y~z © ASAO RYeUR pewnsse st 4t ‘sdtzqz Aep-jTey JZueserzdez soenTea 
pepyoezzze sdtzL = vw ‘peonporg sdtaL = d 


(€) 


(Z) 
(T) 


> SHLON 


OL/0E v7/9S VL/92 CS/8P 3tTds 
"Ad-JIFO 
/AWAd 
S 086‘9T ose‘ otl 08L'6S O18 65.5 O08" G6 = 018 Ge. OSTe - *00n "SH Or rg Ger’ S= Twa 
a a a A an oo ‘ay Se ete rns. eee er SRL Mt OI I a ete 
- 099‘S = Z = = Si = : ? : | he 4 
= O£8' Zi 3 - - =e - - ~ - | OZ 
26 0€8‘Z = _ 5 See m : ‘es = 6T | 
& 099'S = = = = = 2 i =e * 8T | 
OSE =: eaS ele 5 092" 'C 0€8 Ove‘T OLT Ose OOT 0SZ Eek 
OvS $ = La Ozh T 06! & os 44 082 4782 8400 6’ T 002 007 | 09T LGOcs | OT. 4 
O6L ~ | 002 "Co 09S" | O8B'T. 09€' 0SZ 08? EOS? dba 0CE ST | 
06T - | 098 OT9‘T OS? OL0‘T 00T 072 | OS OST | vT 
| OS6 - 09¢'P o06' | o9ez OLz‘S 08h 080’T | 082 02 L pa 
08% - | 096° co @ 008 “t Oft 1. esc 0€Z 02S OFT Gye set 
Olt’? - O€S‘TZ 06 | 088‘6 029 fe Poggc —iOer Soor' I os ns ae, 
OLE T- e0 - GUS “fe 0969. i061" C4 OLE’ P= OEP 068 PA 0res 5 O6Se « feed 
‘Ocal is - O97 aT. s0ca, I | 096°T OT2’T | OLT 0SZ | 02 09T | 6 | 
OLF = ot en Gee pratt | 00€ 0 | OvT 0. ae 
TEN a S100 comecs wacnen |) 0sb" e - = oro" eGo 098" fw Oaks MROGEG- OfL sh mOG Oey OTSa | fg 
OLET =e, OZL‘°S E OCE "6 | Ozz‘b  o067’9 | 0g9 oce‘T | ozs 088 ie 
022 - + 0S6 G22 <1 O€S ost’T | OTT 0vZ , 09 09T | G 
068 - 0061. = 0182 OL Ze m0t8" T 02Z O8€ | 092 0SZ ; or | 
Fag Gat Gap i ae ae ==) Uso t . Obl 96 | UGL ce Oth “OGial = US = Ove e0oce = Ge ae 
086 - 009°T. - 078" T Ove ce. Ola et | 2 oat: 0SZ | 062 Bote. | =e 
OLS. = OVP 0 O96’ 0 0 OLT 0 pe 
v d W d V d | W d W | : 


Sie oes ANOZ 
(OLNW) TWNYSALXE | YHOM-NON OLNW WaUOM OLNW|4HYOM-NON LISNWUL MYOM LISNWYL 
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TABLE Etll 


GOODS TRIP GENERATION - CITY A - 1966 


ne a ee ne SO 


LOCAL (GENERAL) GOODS! LOCAL (BULK) GOODS | EXTERNAL (BULK) GOODS | 
ZONE pk AO SERB eM lS I Ake ! 
P A | P A4 P A 


| 


| ; 


) st 14 14 237 237% - 143 
| eZ 43 43 411 ie - 247 
B= eh a a “A? 490 490 ! - _...294 
[ G4 49 49 372 372 4 - 223 
| a5 22 22 93 93 - 56 
Sa & as Pomme 139 676 676 49% 5 = 445 
Bx 84 84 505 505.5 - 303 
| 8 29 29 199 199 : - 119 
oe 38 38 OSD eo ee - 207 
| 10 92 a2 492 492 | ~ 295 
1l 183 183 1,842 1,842 | - 1,506 
Ray eae: _ 48 peared <a 199 - 119 
13 100 100 | 2a 398 - 239-5) 
14 20 20 80 80 - 48 
{25 55 55 332 332 - 159 
| 16 42 ees 225 - ee 
; 17 34 ares ee 15 146 - 87 
| 18 - L6se - 1,420 hy ak 
| 19 - Ts - 710 2 ee 
| 20 - LL be - 710 - | 
(720 - nes. - 1,420 moll tee 
var BA LAO. Dette San a eS ee 
TOTAL Lor 174042 7,042 : 4,240 4,265 E 
: | | 
30/70 | 30/70 | 30/70 


NOTES: (1) P=Tons produced, A = Tons Attracted 

(2) Values are in tons of goods; average load of light 
trucks (general goods) 0.104 tons; average load of 
heavy trucks (bulk goods) 2.05 tons. 

(3) Values are for half-day; system measures were doubled 
to obtain whole day. 

(4) Attractions were adjusted by program to equal total 
productions. 
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EVALUATION DU RENDEMENT DU TRANSPORT URBAIN AU CANADA 


SOMMATRE ET CONCLUSIONS 


La présente donne une idée générale de l'accroissement 
phénoménal et des changements profonds que connaitront 
les villes canadiennes d'ici la fin du vingtiéme siécle 
ainsi que des avantages sociaux et économiques que les 
systémes de transport pourront représenter. Dans ce 
chapitre, (Sommaire et Conclusions), nous ne nous attar- 
derons pas aux questions de méthodologie; cela, nous 
l'avons fait au chapitre 14. Nous ne reviendrons pas non 
plus sur la nouvelle théorie du transport étudiée au 
chapitre 4, ni sur la nouvelle subdivision du sujet 
présentée au chapitre 4, ni méme sur L'utilité des 
nouveaux indices sociaux et économiques. Nous allons nous 
en tenir aux conclusions, aux découvertes et a leur 
importance pour les futures recherches et 1'élaboration 
de lignes de conduite. Les rubriques des différentes 
sections sont les suivantes: 


24.1 SOMMAIRE DES DECOUVERTES 

24.2 AMELIORATION DU RENDEMENT ECONOMIQUE 
gf 

24.3 AMELIORATION DU RENDEMENT SOCIAL 


e4 4 INTERACTION ENTRE L'UTILISATION DU SOL ET LA 
PLANIFICATION DES TRANSPORTS 


24.5 TRANSPORT DES VOYAGEURS ET MARCHANDISES ET 
CIRCULATION DES VEHICULES DE SERVICE 


24.6 GOUVERNEMENT ET FINANCES 
e4.7 PROGRAMMES DE RECHERCHES 
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24.2 


SOMMAIRE ET CONCLUSIONS 


SOMMAIRE DES DECOUVERTES 


Le tableau 24 tl donne un sommaire trés condensé 
mais complet des conclusions de l'étude. 


Ce tableau nous renseigne sur toutes les améliora- 
tions pratiques du transport urbain au Canada ainsi 
que sur leurs effets tant sociaux qu'économiques. 

Les données sont plus ou moins précises mais 
L'ensemble du tableau nous permet de reconnaitre 

les renseignements auxquels on peut le moins se fier. 


Il faut prendre soin de ne pas compter deux fois les 
méme avantages en les additionnant. De plus, certains 
éléments ne peuvent pas s'additionner; par exemple 


-~ Camionnage + Nouvelle technologie 


—~ Grandes voies de communication & Autoroutes + 
Nouvelle technologie 


D'autre part, il est possible de combiner certains 
éléments pour obtenir des avantages plus grands que 
leur gomme totale. Le meilleur exemple en est 


—~ Corridors + Grandes voies de communication & 
Autoroutes 


AMELIORATION SUR LE PLAN ECONOMIQUE 


En l'an 2001, les dix plus grandes villes du Canada 
auront une population globale de 22 millions de 
personnes (55 p. 100 de la population totale du pays), 
par rapport A 8 millions environ en 1968 C40. pe kOG 

de la population totale). Il est possible quela 
moyenne de revenu per capita en 2001 soit d'environ 
$4,000, valeur de 1968, par rapport aux $2,000 en 
1965. En plus, une meilleure organisation du transport 
peut représenter une épargne équivalant a une augment— 
ation de revenu d'environ 10 p. 100. 


On peut se demander si l'augmentation de revenu que 
représente la rationalisation du transport urbain 
est vraiment appréciable. Elle l'est sans contredit 
& cause de L'importance des avantages potentiels, 
mais aussi a cause des nombreuses fagons dont on 
peut en jouir. 


Ces épargnes potentielles suffiraient plus que 
largement 4 contrebalancer le cotit de l'éducation 
ou des services sociaux, tels que la santé et le 
pien-étre social. Le sujet dont il est question ici 
a donc une trés grande portée économique. 


Pour bien comprendre la polyvalence de ces avantages, 
al faut toutefois se rendre compte qu'ils n'augmen- 
tent pas le P.N.B. C'est le contraire qui se passe. 

Tl s'agit avant tout a'épargnes et la premiére fagon 
de les utiliser est en tant qu'épargnes ce qui a 

pour effet de réduire le P.N.B. 11 ya plusieurs autres 
facgons d'exploiter ces avantages: 


-~ le cofit de la production peut étre diminué ; 
les produits peuvent donc étre a meilleur 
prix sur le marché international entrainant 


ainsi un accroissement de production; 


— les profits peuvent étre distribués d'une 
facon égale parmi la population qui s'en 
servira pour se procurer d'autres march- 
andises et services, y compris d'autres 
moyens de transport; 


=!) Ves) profits peuvent étre distribués d'une 
facon spéciale parmi la population pour 
résoudre quelque probléme social particulier, 
chomage ou manque de mobilité des défavorisés 
par exemple; 


—~ une combinaison de ces possiblilités. 


Les mesures les plus efficaces & prendre pour 
rationaliser les transports sur le plan économique 
sont les suivants: 


—~ améliorer les réseaux de grandes voies de 
communications et d'autoroutes. ha création 
de corridors de transport et une meilleure 
planification sont les moyens les plus 
efficaces pour réaliser ces améliorations; 


- exploiter les progrés technologiques; 

aii mesrouper Les entreprises de comionnage et 
améliorer les services de livraison et 
d'expédition des marchandises; 


—~ améliorer la circulation, en particulier 
par l'utilisation d'ordinateurs. 


C4 3 AMELIORATION SUR LE PLAN SOCIAL 


En plus: de permettre des épargnes qui peuvent étre 
consacrées a des programmes sociaux, la modern- 
isation proposée des systémes de transport peut 
dans bien des cas faire un apport direct vers la 
réalisation d'objectifs sociaux. 


Les corridors pour le transport peuvent contribuer 
a L'amelioration de l'environnement en sauvegardant 
L'unité de L'agglomération, unité qui était brisée 
par la construction de routes et en éliminant les 


bruits et la pollution de l'air des quartiers 
résidentiels. 


Grace A la technologie moderne, il est aussi possible: 


de grandement améliorer l'environnement en réduisant 
le bruit et la pollution de l'air. 


La relocalisation et l'amélioration des réseaux 
d'autoroutes et des grandes voies de communication, 
ainsi que la modernisation des techniques de 
direction de la circulation sont les moyens les 

plus efficaces de réduire le temps de voyage non 
productif et d'améliorer l'accessibilité. La création 
de corridors de transport et une nouvelle conception 
des infrastructures en fonction de l'environnement 
peuvent remédier a certains inconvénients des auto- 
routes, cause de désapprobation publique. 


Le transport urbain a, sur le plan social, un rdle 
important a jouer car ce n'est qu'en 1'améliorant, 
tant du point de vue exploitation que du point de 

vue technologique, que l'on parviendra a résoudre 

l'un des problémes sociaux les plus graves en matiére 
de transports, celui auquel se heurte les gens qui, 4 
cause de leur pauvreté ou incapacité de conduire, sont 
désavantagés par nos systémes de transport urbain 
actuels. 


4 4 INTERACTION ENTRE L'UTILISATION DU SOL ET LA 
PLANIFICATION DU TRANSPORT 


Il est évident qu'il ya un effet d'interaction entre 
l'aménagement du territoire et la mise en place d'un 
réseau de transport; il serait donc souhaitable de 
tenir compte de cette interaction dans la planifi- 
cation des transports. 


24.4.1 REAMENAGEMENT DES CENTRES-VILLES 


Depuis 20 ans, l'emploi, la population et les 
déplacements personnels n'ont pas varié de 
beaucoup dans le centre de la plupart des villes 
Nord-américaines. Ce n'est que dans les banlieues 
que la population et le nombre d'emplois ont 
augmenté considérablement. 


L'adjectif "monstre" est peut-étre trop fort pour 

décrire l'encombrement des centres-villes mais il 

est certain que cet encombrement et le prix élevé 

des terrains ont contribué au retard du réaménage- 
ment du centre-ville. 


L'encombrement de centres—villes résulte de plusieurs 
facteurs: 


- rues trop étroites pour les véhicules de 
transport modernes. 


—- accroissement de volume de la circulation 
et diminution du nombre de passagers par 
véhicule, la voiture particuliére remplacant 
le transport en commun; 


- circulation plus dense suscitant des problémes 
pour les piétons; 


—- prix trop élevé du stationnement obligeant 
les automobilistes A tourner en rond a la 
recherche d'un pare 4 prix raisonnable et 
nombre insuffisant de parcs de stationnement; 


- lots relativement petits; 


~-~ installations démodées de déchargement des 
camions d'expédition et de réception des 
marchandises. 


Les moyens de résoudre ce probléme de transport du 
centre-ville sont déja.connus, mais, leur mise en 
application n'est pas possible dans les conditions 
actuelles. Il n'est nul besoin de subventions a 
long terme pour qu'ils deviennent applicables; ce 
qu'il va falloir, c'est faire preuve d'imagination 
et de dynamisme dans tous les secteurs de réaménage- 
ment, y compris les transports. 


e4.4.2 


Le transport jouera un role de premiére importance 
dans ce réaménagement. Les points suivants en 
particulier devraient étre étudiés attentivement: 


- amélioration des services d'expédition et 
de réception des marchandises; 


- regroupement des entreprises de camionnage; 


- utilisation des techniques modernes dans 
les centres—villes; 


- aménagement de voies de circulation 
différentes pour les piétons et les véhicules; 


- rationalisation des prix de stationnement; 


- rationalisation des prix de stationnement dans 
la rue aux heures de pointe; 


- meilleure organisation de transport en commun 
et de la circulation en général. 


Réaménagement 


Une meilleure planification du réaménagement des 
réseaux routiers (relocalisation des grandes voies 
de communication et des autoroutes) entrainerait 
certains avantages d'ordre économique et social a 
long terme. 


Un des meilleurs moyens d'améliorer a long terme 
l'espacement des voies de transport est de créer des 
corridors utilisables pour tous les genres de trans- 
ports, y compris le transport en commun, les pipe- 
lines et les lignes d'énergie, aussi bien que les 
grandes voles de communication et les autoroutes. 


Dans les quelques cas ot les planificateurs avaient 
prévu dans leurs projets des emprises de rues ou de 
routes exceptionnellement larges (par exemple 
l'avenue Portage 4 Winnipeg et le 401 A Toronto) , 
on n'a pu que s'en féliciter au moment ou il a fallu 
les élargir. 


les corridors sont des espaces réservés, bien avant 
que le besoin s'en fasse sentir, pour la construction 
de routes et autres aménagements de transport. En 
réservant des corridors de transport, on évite la 
démolition d'immeubles et les bouleversements dans 


24.4.5 


la vie des gens et des communautés. C'est d'ailleurs 
pour éviter ces pratiques cotiteuses que l'on hésite 
actuellement 4 aménager un réseau convenable d'auto- 
routes. 


La réalisation du projet d'aménagement de corridors 
de transport implique 


- l'amélioration des techniques de planification 


- la mise au point des moyens légaux de réserver 
des corridors; et a un moment donné seulement 


- créer un fond renouvelable pour l'achat des 
terrains récessaires. 


Population urbaine 


Méme si ce projet-—ci ne tient pas expressement compte 
du chiffre idéal de la’ population d'une ville, les 
conclusions auxquelles on est arriveé concernant les 
écarts de cofit des transports par rapport a la 
population sont si frappants qu'on ne peut les passer 
sous silence. Le tableau suivant donne les prévisions 
Dour tan POOM: 


CHIFFRE DE LA POPULATION cofit DU TRANSPORT ANNUEL 
(millions d'habitants) EN DOLLARS 


PERSONNES MARCHANDISES TOTAL 


0.29 Fab Lo? 460 
ee 552 29> 267 
5236 446 465 901 


Ces chiffres toutefois ne laissent entrevoir qu'un 
coté de la médaille car: 


- dans les villes les plus populeuses, on 
substitue le transport interurbain; 


- dans les villes les plus populeuses, les gens 
préférent les voyages les plus longs, méme si 
les voyages les plus courts sont a leur 
portée; les voyages les plus longs leur pro- 
curent probablement des avantages qui contre- 
balancent la différence de prix; 
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- l'augmentation du cotit du transport est due 
en partie a notre désir de bénéficier d'un 
meilleur service; 


- partie de cette augmentation représente ce 
qu'il en cottte pour le transport de mar- 
chandises consommées dans des petites villes 
des environs. 


Les techniques mises au point pour ce projet 
peuvent servir aux futures recherches sur ce méme 
sujet, mais ces recherches devraient 6tre multi- 
disciplinaires et visées non seulement les trans-— 
ports mais aussi d'autres facteurs qui varient avec 
l'accroissement de la population d'une ville. 


TRANSPORT DES GENS, VEHICULES DE SERVICE, TRANSPORT 
DES MARCHANDISES 


Le transport des gens représente un élément important 
du transport urbain, soit environ la moitié du codit 
du transport urbain annuel. Durant les 25 derniéres 
années, le transport en commun a diminué de 210 
passages per capita a 60 passages per capita tandis 
que le nombre de personnes qui voyagent par auto- 
mobile a augmenté. Les services de transport en 
commun se heurtent actuellement a de sérieux problémes 
causés par la diminution de leur service et de leur 
clientéle et l'augmentation de leurs dépenses. Nous 
croyons que les mesures que l'on est sur le point de 
prendre permettront au moins aux transports en commun 
de conserver peur clientéle 4 son volume actuel. 
L'amélioration du service leur permettrait aussi de 
regagner du terrain mais seule la technologie moderne 
raménera les gens en grand nombre au transport en 
commun. En établissant le plan d'aide au transport en 
commun, il est important d'identifier clairement les 
buts sociaux poursuivis par cette forme de transport. 
Il est toujours possible de soupeser les besoins 
sociaux, accés a l'endroit du travail pour les 
personnes a4 faibles revenus, accés aux commodités 

de l'existence pour les gens infirmes et Agés, ou 
encore accés aux écoles, par exemple; on peut ensuite 
chercher des solutions et en financer le réalisation. 


On n'a jamais accordé une place suffisante aux: 
véhicules de service dans le transport urbain. Les 
ambulance, les camions de pompier, les véhicules 
d'entretien des lignes électriques et téléphoniques 
et autres véhicules du méme genre, au contraire des 
automobilistes qui peuvent se tourner vers c'autres 
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modes de transport, ne peuvent faire autrement 
que d'emprunter les routes et les rues. Il faut 
done tenir compte des besoins particuliers de ces 
véhicules dans la planification du transport 
urbain. 


Le transport des denrées et autres marchandises 
représente environ la moitié du transport urbain. 

La plupart des avantages économiques provenant 

de la construction des grandes voies de communi- 
cation, des autoroutes et des corridors, par exemple 
sont attribuables a la plus grande efficacité du 
transport de marchandises. Parmi les améliorations 
qui méritent une attention toute particuliére on 
compte; 


- le regroupement des entreprises de camion- 
nage, expéditions et tétes de lignes. 


- l'amélioration des services d'expédition et 
de réception et simplification du travail 
d'écriture. 


GOUVERNEMENT ET FINANCES 


Les questions de souvernement et de finances 
n'entrent pas vraiment dans le cadre de ce projet. 
Cependant, lors de cette étude, on a découvert 
certains faits qui ont ume grande importance en 
maitiére de gouvernement et de finances. Nous n'en 
parlons ici que pour mettre en relief d'autres 
faits de plus grande importance. 


En ce moment, il y a un écart considérable entre 

les recommandations faites 4 la suite d'études 
économiques et techniques et les mesures qui sont 
prises. Une des raisons en est que les organisations 
gouvernementales ne peuvent facilement s'adapter au 
rythme incroyable de l'accroissement géographique 
des villes, accroissement qui continuera encore 
longtemps et qui doit 6étre pris en considération 

si l'on veut réaliser les avantages du transport 
urbain a long terme. 


Le Canada est l'un des pays les plus avancés de 
monde en ce qui concerne le développement des 
structures gouvernementales régionales et il semble 
qu'il nous faille continuer dans cette direction 
pour les besoins de la planification du transport 
urbain. 
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On entend souvent dire que la participation des 
pouvoirs municipaux aux dépenses entrainées par 

le transport urbain dépasse de beaucoup les 
capacités financiéres de la municipalité. Il 
semble nécessaire d'évaluer de nouveau le finance- 
ment du transport urbain. 


Une chose est évidente. L'usager de la route est 
prét a payer un prix maximum pour avoir de bonnes 
routes. LlOuL Cen quae demande c'est que le gouver- 
nement lui vende ce qu'il veut. Le partage des 
dépenses par plusieurs niveaux gouvernementaux doit 
étre considéré comme l'un des éléments du probleme; 
la solution réside dans un changement de la 
structure fiscale. La situation se présente differ- 
emment en ce qui concerne le financement du trans-— 
port en commun. 


L'usager du transport en commun n'est pas prét a 
payer un prix maximum et il serait donc nécessaire 
d'évaluer soigneusement les buts et avantages sociaux 
afin d'étre 4 méme d'organiser un systéme plus 
rationnel et d'obtenir une meilleure participation 
financiére. 


O47 PROGRAMMES DE RECHERCHES 


Lés conclusions de l'étude peuvent servir de base 
a une rationalisation des programmes d'ensemble de 
recherches sur le transport urbain. Nous avons 
prouvé ceci en préparant une premiére liste de 
programmes de recherches prioritaires fondée sur 
les bénéfices et probabilités anticipés de chaque 
programme. 


Les sujets de recherche suivants comptent parmi 
ceux qui ont été indentifiés lors de l'étude. 


Pagar eer Choix d'indices sociaux 


On peut faire une étude technique des facteurs 
sociaux importants a partir des aspects économiques 
du bien-étre social ou Aa partir d'indices sociaux 
Cette derniére facgon d'aborder la question est en 
ce moment la meilleure car elle permettra probable- 


Voir, par exemple la premiére conférence canadienne sur le 
transport urbain de la Fédération canadienne des maires 

et des municipalités: Conférence régionale p. 116; et 
ailleurs dans le compte- rendu et dans les communications. 
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ment de rétablir plus rapidement le dialogue entre 
les techniciens et les politiciens. Les indices 
sociaux peuvent suffire en attendant que la 
sociologie analytique et l'analyse économique 
soient assez poussées pour contribuer 4 la 
solution des ces problémes. Dans l'étude, on a 
donc commencer & utiliser les indices sociaux. I1 
est cependant nécessaire d'accorder une priorité 
& la recherche sur les indices sociaux gquantitatifs 
concernant les objectifs humains et la qualité de 
l'environnement social. 


Notre incapacité actuelle 4 évaluer notre milieu 
social se fait sentir dans le fait que nous ne 
pouvons pas d'aucune maniére dire si l'aegloméra- 
tion A est meilleure ou pire que l'agglomération B 
en tant qu'habitat. Tout compte fait, la pvlanifica— 
tion de l'utilisation du sol et du transport dénend 
de L'intuition et du jugement personnel de quelaues 
personnes seulement. Il n'est pas possible de mettre 
au point un procédé de planification plus scientif- 
igue jusqu' a ce qu'on recueille des données 
quantitatives concernant les réactions des gens 
vis-a-vis différents modes de vie et de transport. 


“ 
EVALUER L'IMPACT SOCIAL DE TRANSPORT EN COMMUN 
Ce qui nécessite surtout une recherche sociale, 

c'est probablement l'impact du transport en commun. 
Ce- sont surtout des avantages sociaux que peut 
apporter l'amélioration de transport en commun. 
Certaines catésories de gens —- notamment les pauvres, 
les enfants et les infirmes qui ne neuvent vas 
voyager par automobile, pourront surtout en béné- 
ficier. Certains nouveaux moyens de transnvort en 
commun trés disnendieux se sont avérés inefficaces 
pour venir en aide 4 ces gens qui en ont le plus 
besoin. Il faudrait done faire des recherches pour 
évaluer l'impact social des différentes propositions 
de transport en commun sur les divers secteurs de 

la communauté, particuliérement les désavantagés. 


GREER DES QUARTIERS EXPERIMENTAUX 


Les facteurs qui impriment un caractére aux quart-— 
ers résidentiels sont les suivants: 


—- le code du batiment et autres réglements, 
- le lotissement, 


~ les moyens de transport présents et futurs. 
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la meilleure facon d'améliorer une ville est de 
réaménager ou de reconstruire les quartiers 
résidentiels afin de permettre un meilleur mode 
de vie. C'est en combinant un certain nombre 
d'éléments, y compris le transport, auxquels on 
a apporté des améliorations, que 1'on peut 
atteindre ce but. Mais, encore faudra-t-il étre 
sir que ce quartier est "meilleur" une fois 
refait. Nous ne le sommes pas maintenant. Pour 
nous aider a résoudre ce probléme, il faudrait 
concevoir et construire quelques quartiers 
expérimentaux en contrélant soigneusement certains 
facteurs pour mesurer le cofit (investissement, 
entretien et exploitation), la valeur sociale et 
la réaction du public. Il faudrait ensuite 
comparer ces quartiers & ceux qui existent 
actuellement et parmi lesquels on a choisi des 
groupes contréles. La demande et l'attitude des 
usagers serviraient d'indice de qualité. 


Les propositions suivantes concernant le tran- 
sport doivent &tre étudiées: 


- Normes concernant les routes d'accés 
modifiées pour diminuer les dépenses, mais 
prévoyant l'égouttement et 1'aménagement 
pnaysager; 


- Nouveaux systémes de transport en commun 
pour pour les vartiers, comprenant les 
"services d'autobus par téléphone", les 
mini-autobus sur commande ou les mini- 
autos loués; 


- Systéme fictif de transport en commun 
inter-quartier. Un nouveau systéme de 
transport en commun inter-quartier sera 
peut-étre nécessaire pour faire ressortir 
les principales caractéristiques d'un 
quartier expérimental. Il ne serait pas 
pratique de construire un réseau de 
transport en commun entre tous les 
quartiers d'une ville quand on ne veut 
faire l'étude que d'un seul quartier, 
mais il serait possible, avec 1'imagina- 
tion et les fonds voulus, lakh inventer un 
systéme qui réponde 4 1'idée que s'en 
font les habitants du quartier expéri- 
mental. 
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necherche sur te Cransport, des marchandises 


Le transport des marchandises dans la ville est 
un sujet quia été un peu négligé sur le plan de 
la recherche. Pourtant, il est d'une grande 
importance d'etudier sérieusement les points 
suivants: 


- Amélioration des services d'expéditions 
et de réception des marchandises 


- Amélioration des camions 
- Regroupement des entreprises de camionnage 


- Regroupement des installations d'expédi- 
tion 


- Regroupement des tétes de ligne 
- Frais de camionnage 


- Demande de transport des marchandises. 


Misetau; point de mouvelles techniques pour 
l'aménagement de corridors de transport 


Pour 6tre a méme de créer de nouvelles techni- 
ques pour l'aménagement de corridors de transport 
il faudrait faire des avant-projets détaillés 

de corridors pour deux villes canadiennes. 11 
faudrait poursuivre, séparément ou dans le cadre 
d'un projet d'étude sur les corridors, les 
recherches sur la localisation des grandes voies 
de communication et des autoroutes. 


L'économie fonciére 


L'économie fonciére ne peut contribuer comme elle 
devrait a la planification du transport urbain, 
particuliérement lorsqu'il s'agit de la valeur 
des terrains, par rapport a leur prix, leur 
accessibilité et l'action du gouvernement, y 
compris la réservation des corridors de transport. 
Il serait nécessaire de faire une étude sur des 
relations entre ces facteurs aprés avoir receuilli 
des données empiriques canadiennes. 


Ame Wiorer la’ planification du transport 


L'application des techniques d'analyse de systéme 
qui divisent par catégories les dépenses occasion- 
nées par le transport (transport des voyageurs et 
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transport des marchandises, par exemple) et aui 
donnent des renseignements significatifs sous 
forme d'indices sociaux et économiques constitue 
un progrés actuel trés prometteur dans le domaine 
de la planification du’ transport. Unja employé 
cette méthode dans la presente étude; il faudrait 
cependant continuer de 1'améliorer. 


On pourrait peut—étre élaborer des projets pilotes 
de planification urbaine qui prévoieraient la 
vérification et la réalisation des systémes 
théoriques de. transport amelvores Pour cecil, it 
faudrait étudier la société par secteur. Au 

niveau national, certains points sont 4a considérer 
lors dé la planification du transport. Ce sony 


—- les différences réefionales 
—~ les normes nationales de sécurité routiére 
~- les normes nationales de fabrication 
- la distribution des données 
~ la coordination des recherches 
Ces points mettent en relief 1l'importance pour le 


pays d'une refonte des techniques d'analyse des 
systémes de transport urbain. 


Taille, forme et densiterdes viiles, eto. 


Dans 1'étude, nous avons tenu compte de la taille, 
la“forme et la densite de lar vise. vin er tet dans 
la section 24.4.4, on a tiré des conclusions a la 

suite d'une recherche sur la taille des villes. On 
a aussi découvert qu'une ville de forme circulaire 


offre nlus d'avantages du point de vue du transport 


et que, plus la population est dense, plus ces 
avantaces sont prononcés. Il faudrait anvprofondir 
ces questions. Ce serait toutefois une erreur que 
de juser une ville uniquement sous l'ansle des 
transports. Ainsi, il faudrait entreprendre une 
étude plus global de la ville dont le transport 
serait un des élément importants. 


Nonvelle technologie 


On peut augmenter le rendement a la fois sur le 
plan social et économique en faisant appel a la 
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nouvelle technologie du transport urbain. Ce domaine 


de recherche est votentiellement trés fructueux et 
pourrait compléter la présente étude. 
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